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ENGINEERING 


--- Accomplishments 


The following 50 pages, devoted to discussions of a 
year’s technical accomplishments at Westinghouse, 
make an impressive story, gratifying to engineer and 
interesting to layman. The story is one of rich variety. 
It treats of many things that have made possible 
200 000-kw, single-shaft generators, 200 000-kva trans- 
formers, 10 000 000-kva circuit breakers. It relates of 
major developments in supposedly long-established, 
well-perfected apparatus, as vaporization-cooled trans- 
formers, and hollow-coil turbo-generators. Less spec 
tacular, but fully as important, are the scores of im 
provements in switches, control and protective de- 
vices, power supplies, light sources, appliances, and the 
many other devices necessary to put electric energy to 
work in factories, mines, vehicles, offices, and homes 
Certain defense projects are mentioned only briefly, 
such as jet propulsion, new underwater ordnance, mili 
tary radar and fire control, and controls and propul- 
sion machinery for naval vessels. Even less can be said 
about the progress being made on the nuclear reactor 
and associated propulsion machinery being developed 
and built by the Westinghouse Atomic Power Divi 
sion for a submarine. 

All this adds up to a story that makes one proud of 
engineers and their ingenuity, makes one aware that 
all this development bespeaks a growing and stronger 
America. It is a cheering story that, by itself, leaves 
one with the feeling that all is well with engineering 
technology. But 

Hanging like a pall over this pretty picture of tech 
nical accomplishment is the overriding influence of the 
defense effort. We speak blithely of a guns-and-butter 
economy. But the fact is, where one conflicts with the 
other, guns, of necessity, take precedence. Indications 
are that this will become more so instead of less, and 
will continue indefinitely 

Time was when companies were accused of looking 
on such a period with relish. For an engineering organi- 
zation such as Westinghouse, that is definitely not the 
case. A large part of its management, technical staffs, 
and manufacturing facilities are tied up directly in de- 
fense production. Much of the remainder, indetermin- 
ate in amount, is involved indirectly with defense 
needs. Engineering departments have been rearranged, 
many men have been shifted to defense projects, often 
in distant plants, with great disturbance to the con- 
tinuity of development of “butter’’ goods, not to men- 


tion the personal inconvenience to the men and their 


and Problems 


families. Materials restrictions, largely a by-product of 
the defense program, are causing dislocations in the 
steady development evolution of things to make and 
use electric energy for the common good. Some new 
products almost ready for market have been, literally, 
pigeonholed. Contrary to some popular belief, manu- 
facture for the defense program is less profitable—not 
more profitable—than goods for industry and homes. 
And rightfully so. Further, building for destruction is 
naturally distasteful to an engineering organization; 
it goes against the grain of those who like to create. 

But, no one denies that defense is the common prob- 
lem, which must have our undivided attention—re- 
gardless of cost in money and convenience. 

Another type of shortage plagues our economy and 
the technical professions. That is the shortage of scien- 
tific and engineering man power. As industry is faced 
with twofold expansion—to meet normal growth and 
to support the defense effort—it needs technically 
trained men in increasing number. Instead it is getting 
fewer, because enrollment in engineering colleges is 
down and the military services are taking large num- 
bers of these men. 

The Western world must look to the engineer for its 
defense, because in man power alone we are hopelessly 
outnumbered. We must rely on quality, not quantity 
—and it is the engineer who can provide that essence of 
quality. It behooves our Government and our people 
to give every encouragement, every assist to those in- 
dustries engaged in providing new and improved tools 
for defense. It would be the height of folly to rob 
industries of their trained technical men, or to draft 
all those young men for the Armed Services, some of 
whom might better be allowed the engineering training 
necessary to man our defense production plants. 

We must resist —and resist firmly—any immediate 
policy that would drain away our technically minded 
youth into basic armed service where their greatest 
contribution to our nation’s defense would be lost. We 
must resist this influence, whether it comes from a 
mistaken interpretation of responsibilities in a democ- 
racy, or from the subtle campaign of groups hostile to 
our way of life. Dissipation of our technical resources 
is the worst possible disservice we can render to our 
armed forces. 

We view 1952, with sleeves up, proud of past ac- 
complishments, without complacency, and aware of 
and ready for the big jobs ahead. 
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Last fall the final 108 000-kw Grand Coulee water- 
wheel generator took its place with its 17 predeces- 
sors, all built at East Pittsburgh. The power plant, 
with its 2000 000 kw, stands as the most powerful 
generating station in the world —built or contemplat- 
ed. Early fears that load would not be available in the 
area for so much power have proved groundless. To 
meet the demand, several machines have run at over- 
loads of about 130000 kw for extended periods. 
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Turbine-Generator Output Increased 
by One Half 


DEVELOPMENT that in one swoop increases by one half 

the kilowatts a generator of given physical size can 
deliver is an achievement of the first order. A radically dif- 
ferent method of cooling is exactly that. 

In principle, it is simplicity itself. Furthermore it has the 
beauty of directness. Hydrogen—the conventional coolant — 
is blown at high velocities through the inside of the conduc- 
tors. Thus, coolant is brought directly in contact with the 
copper in which the heat is generated—i.e., right to the 
hot spots themselves. The heat does not have to pass through 
successive layers of coils «nd insulation, iron, and slot wedges 
to reach the cooling medium. 

The hollow rotor conductors are made by placing two 
channel-shaped copper sections face to face. Hydrogen is 
forced into the hollow coils—in the case of the rotor—under- 
neath the end turns at each end, along the inside of the con- 
ductors to the center of the rotor, then outward through 
prepared channels. 

The scheme has already been thoroughly tested as applied 
to the rotor and is currently being adapted to the two largest 
turbine generators under construction, one for 185 000 kw 
and one for 200 000 kw. Extension of the scheme to stator 
cooling as well as the rotor is in process, A 90 000-kw generator 
with hollow coils in both rotor and stator is being built to 
provide a full complement of experience. Hollow-coil genera- 
tor cooling is expected to be justified for ratings of machines 
beginning at 90 000 kw. 

This revolutionary new generator cooling system is of 
major significance both to industry and to the nation. It 
enables designers to keep well ahead of the needs of the pub- 
lic-utility industry for larger, more efficient units. Because 
more kilowatts are produced from a given volume and weight 
of materials, the costs of foundation and building are less. 
With the growing need to conserve materials the significance 
to the nation is consequential. 


Better Generator Insulation Better Protected 


6 yen IMPORTANT things have happened to generator insula- 
tion. Engineers are building it better and they have 
found new ways of being sure it is in prime condition. Last 
year these pages spoke of the development of Thermalastic 
and its application first to high-voltage generator coils. It con- 
sists, as generator insulation has for many years, of a mica- 
base tape. The difference lies in the impregnant. It is a water- 
thin, solventless synthetic resin applied to the completely 
taped coil and then baked. The finished coil has sufficient 
elasticity both to expand and contract with the copper as it 
heats and cools. This prevents tape migration and separation, 
which was possible with asphalt-bonded tape applied to 
extremely long coils. 

The final product is considerably better. Moisture resis- 
tance is increased by some large multiple—at least ten—and 
life is improved manyfold. Voltage endurance has been in- 
creased 1000 to 1. 

Last year solutions were found for most of the problems 
that had prevented the use of Thermalastic to full coils for 
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waterwheel generators (in contrast to the simpler half coils of 
turbine generators). Use of Thermalastic generally for water- 
wheel generators is expected soon, as it already is standard in- 
sulation for all steam-driven machines for central-station use. 

D-C Testing of Insulation—Having gotten good insulation, 
the next problem is to be sure that it remains that way, that 
no weaknesses appear. Two developments of major signifi- 
cance to that end have come along. One is a better way of 
probing insulation quality and the other consists of tech- 
niques and equipment for periodic rechecks. 

The conventional and still the standard overpotential test 
of insulation is to apply a certain a-c potential for a prescribed 
period of time. However, extensive research has demonstrated 
that an applied d-c potential is equal to a-c in ferreting out 
insulation weakness and 1s much less damaging to insulation. 
The d-c test, in short, is as searching a test as a-c but con- 
sumes none of the insulation life. The d-c test is used ex- 
tensively during generator assembly and for checking the 
insulation of installed machines, the a-c test being employed 
as little as possible in testing large high-voltage a-c generators, 
and only when specifications or AIEE tests are required. 
The d-c test has another advantage. D-c test equipment 
is much less expensive and far less costly and cumbersome to 
transport from plant to plant. 

Periodic Testing of Generators in Service—About two years 
ago Westinghouse announced a plan for periodic inspection 
and testing of high-voltage generators. A team of trained 
insulation experts, equipped with various factory-t ype inspec- 
tion devices such as slot-discharge tester, d-c overpotential 
tester, surge induction tester, borescope, and other specialized 
equipment, makes a thorough test of a generator on location, 
as shown on page 2. The plan is to do this at appropriate 
intervals and at a time convenient for machine shutdown. 

The acceptance of this program by power companies has 
been surprising even to its sponsors. Already about five mil- 
lion kw of machines in service have been so examined. 

The observations have been illuminating. In general, in- 
sulation has been found to be in excellent condition. This, in 
itself, is comforting assurance to operators. Since the program 
was started (more than two years ago) no machine so tested 
has subsequently failed. Several cases of incipient trouble 
have been discovered and corrected that could have led to 
major and costly failure. It is clearly infinitely better to take 
a few days at a chosen time to correct conditions leading to 
trouble than to spend weeks at perhaps some critical time to 
repair a major failure. These advantages appear so obvious 
that periodic testing of generators is expected to become 
an almost universal practice. 


turbines 


Generating Units—Bigger (and Better) 
by the Dozen 


M”™ progress in power generation has been racked up in 
recent months than in any like period since George 
Westinghouse brought the steam turbine to America from 
England in 1895. Figuring in this advance are the numbers 
and total capacity of units built, new records of size, higher 
steam conditions, and major technical improvements in tur- 
bines and generators. 

The quantity of machines under construction is astound- 
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At right is a 100 000- 
kw, 1800-rpm turbine 
generator in a Detroit 
Edison Co. station. Be- 
low—Use of impulse 
construction with par- 
tial admission instead of 
the traditional impulse- 
reaction arrangements 
is being extended to 
smaller machines, as for 
this 15 000-kw unit. 




















ing. In the 12 months prior to last August, Westinghouse 


hegan work on a total of 88 turbine-generator units of 10 000 
kw and larger, totaling 5 259000 kw. (For an average of 
60 000 kw per unit—and the biggest high-speed machine in 
service only eight years ago was 60 000 kw 

In the spring of 1950 Westinghouse announced its readi 
ness to build single-shaft 3600-rpm generating units capable 
of delivering 150 000 kw. In the next 12 months an even dozen 


machines of that size or larger were in production. As of 


press time, two still larger ones are under construction. One 
is a 185 000-kw machine for Burlington Station of Public 
Service Electric & Gas Company of New Jersey and the other 
of 200 000 for Cromby Station of the Philadelphia Electric 
Company. Both giants are 3600-rpm, triple-exhaust, single 
shaft tandem machines 

Steam Conditions—In midsummer 1950, top steam condi 
tions for all but a few units under construction stood at 950 
degrees F and about 1250 pounds pressure. Now, of the tur 
bines under construction, 50 percent of the kw capacity art 
for 1450 psig, 1000 degrees F or higher. Steam conditions of 
1450 or 1800 psig, 1000 degrees F with reheat to 1000 degrees 
are almost “standard” for ratings of 80 000 kw and upward 


Phe 185 000-kw turbine for Burlington Station will take 
steam at 2350 psig, 1100 degrees F and reheat to 1050 degrees 
Chis will be the first machine to use the 25-inch, exhaust-end 
blade and it will be the turbine of the highest kw rating to 
operate with 1100 degrees steam Ihe heat rate for the sta 
tion is expected to be better than 9000 Btu per kwhr, which 
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will make it one of the world’s two most efficient steam- 
electric plants. (The national average in 1950 was about 
15 000 Btu per kwhr.) 

rhe rise of another 50 degrees in steam temperature to 
1100 is particularly significant as it comes so close on the 
heels of the increase from 1000 to 1050. In fact the first 1050- 
degree machines had barely gone into service when orders 
were placed for the 1100-degree units. The new step utilizes 
stainless steel for inlet pipes, nozzle blocks, governor valves, 
throttle valves, and other inlet-end parts. 

lemperatures higher than 1100 are unlikely for some time. 
However, if the experience with 1100-degree machines now 
on order is as expected, a further step is probable, because 
stainless steels are more than 50 degrees better in creep 
strength than the ferritic materials adequate for 1050 degrees. 
Che objective, of course, is the capture of more of the avail- 
able Btu’s. Each 50-degree increase in initial steam tempera- 
ture at this level means a gain of 0.6 percent in efficiency —or 
an improvement in station heat rate of 55 Btu per kwhr. 

Trends as to Type—Significant of the pace of turbine 
progress is the 150 000-kw cross-compound machine of the 
Ridgeland Station of the Commonwealth Edison Company. 
lhis consists of a 50 000-kw, 3600-rpm, high-pressure element 
cross-compounded with 100 000-kw, 1800-rpm intermediate 
and low-pressure turbines. Inlet steam conditions are 1800 
psig, 1050 degrees. This cross-compound machine, at the time 
of its conception five years ago, was the largest condensing 
unit undertaken to operate at 1050 degrees and represented 
a step forward in turbine practice. However, in less than six 
months after this unit went on the line a single-shaft, 3600- 
rpm machine one-third larger was under construction. Such 
has been progress, much of it centered around the develop- 
ment of the 25-inch exhaust blade and the hollow-coil gen- 
erator construction. 

Several other generating units are noteworthy. The largest 
single-shaft, 3600-rpm generating unit now running is the 
125 000-kw, reheat unit No. 4 at Sewaren Station, which was 
placed in service last July. 

Che 1800-rpm generating unit is fast vanishing from the 
new-construction scene, except for cross-compound 3600 
1800-rpm units for the very highest kw capacities. However, 
the smaller, lighter 3600-rpm machine has not yet completely 
swept the field—although that day seems close at hand. Last 
year Detroit Edison Company placed on the line two of these 
slow-speed machines. Both are rated at 100 000 kw, 1800 rpm. 

rhe high-pressure element of large, high-temperature tur- 
bines has been turned end for end with the thrust bearing 
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between the high- and intermediate-pressure elements. Thus 
its thrust is opposite to and partially balances the thrust of 
the adjacent intermediate-pressure element. Heretofore the 
thrusts of the two were in the same direction so that each 
had to have a balance piston able to absorb the thrust. By 
working one against the other, the balance pistons are much 
reduced in size, resulting in lower leakage losses and im- 
proved efficiency. The new arrangement results in an added 
mechanical benefit—reduction of the differential expansion 
between the rotor and the casing. 

Standardization—The turbine-standardization program is 
continuing apace. A new, higher rating has been accepted as 
industry standard. This is for 100 000 kw given in terms of 
turbine capability. (The old practice of having two turbine 
ratings, nominal and capability, which is 10 or 25 percent 
higher, is being abandoned.) It comes in two varieties, non- 
reheat and reheat, steam conditions being, respectively: 1450 
psig, 1000 degrees F, and reheat to 1000 degrees. A still larger 
rating is now under consideration for standardization. 

The standardization idea is growing steadily in favor. This 
is attested by the percentages of standard machines shipped 
by Westinghouse (within the range of standards): 1947, 17.8 
percent; 1948, 50.1 percent; 1949, 65.6 percent; 1950, 74.4 
percent; 1951 (8 months), 82.0 percent. 

Blading Developments—Several detail improvements are 
being incorporated in steam turbines. One is a change in blade 
shape. Blades, both rotating and stationary, in addition to 
their air-foil section and taper from root to tip, are given a 
twist. The effect is a little complicated to describe, but, in 
essence, the steam is caused to pass directly through the 
many stages without accumulating any radial movement. 
Steam does not ‘‘pile up” at the outer ends of the passages 
due to centrifugal forces. This technique is called constant 
circulation. It is not new, as it was introduced 15 years ago 
in the long exhaust stages of big machines. However, lately it 
has been extended to turbine stages having blade heights as 
short as five inches. By improving efficiency, turbine men 
garner some additional Btu’s. The disadvantage is the in- 
creased cost of manufacture. 

Engineers have rounded up a few more straying heat units 
by placing steam deflectors on ends of the high-pressure sta- 
tionary blading. Until designers find out how to reduce the 
clearance between ends of rotating blades and the stationary 
element to zero, some steam will sneak around the end of the 
blade seals, and thus avoid doing work. But at least this 
leakage steam can be made by deflectors to rejoin the work- 
ing steam at small angles instead of at eddy-forming right 
angles. The efficiency improvement? A fraction of a percent. 

Another improvement in blading is the conical shroud and 
tapered shank. These shrouds and shanks form a smooth coni- 
cal path for the expanding steam, yet provide cylindrical seal- 
ing surfaces. The tapered shroud, while more difficult to 
make, results in further improvement in stage efficiency. 

Feed-Water Heaters—A modern power plant somewhat re- 
sembles a beautiful, well-kept lawn with a few well-spaced, 
sturdy trees. On the generating-room floor of a new station 
are one or more sleek, powerful, uncrowded generators. But 
under the turbine floor, like a tangled mass of roots beneath 
the lawn, is a crowded, compact system of piping. Anything 
that can be done to simplify station piping is on the plus side. 
One move in this direction is to place some of the feed-water 
heaters in the neck of the condenser, i.e., the space between 
turbine exhaust and condenser inlet. Saves running piping to 
and from remotely located heaters. 

Looking to the Future—To maintain the flow of new knowl- 
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edge necessary for future improvement, a new steam- and 
gas-turbine development laboratory is being built at the 
Westinghouse South Philadelphia Plant. Steam and gas tur 
bines and their components up to 15 000-kw capacity will be 
accommodated in the main test hall. Three 8000-hp axial 
flow compressors will provide facilities for compressor develop- 
ment for gas turbine and Air Force wind tunnels. There will 
be separate laboratories for hydraulic and heat exchange; 
mechanical; aero-dynamic; combustion; and model shop 
activities. The laboratory powerhouse will contain a 150 000 
pounds-per-hour, 1500-psig, 850-degrees F steam boiler 
A reheater at the laboratory in conjunction with reducing 
valves will make available 800/1100 degrees F steam at any 


desired pressure up to 1500 psi. 


Gas Turbines Begin to Specialize 


NDUSTRIAL gas turbines are beginning to display the con- 
I ventional pattern followed in the early life of all new de 
vices. After an extensive period of testing with the experi 
mental model, units of different ratings and characteristics 
for various applications are beginning to take shape. 

The two outstanding applications for the gas turbine in the 
United States are for gas-line pumping and power genera 
tion. These two fields have economic application possibilities 
for units of both high and low efficiency. The following de 
velopments are being carried out to cover these two fields of 
gas-turbine application: 

Gas-Line Pum ping—A 5000-hp dual-shaft machine with re 
generator is being built. This type unit will have the neces 
sary flexibility to fit into the normal pipeline development 
Fitted with regenerator, it will be competitive in efficiency 
with the present heavy, slow-speed reciprocating engines 
The unit will require a simple building and foundation, and, 
because of the high efficiency of the centrifugal compressor 
when pumping gas with low-pressure ratios, will allow for 
closer compressor station spacing. This in turn will permit 
economical transportation of more gas through a line of given 
size than is now possible with reciprocating compressors 
Operation and protection of the gas turbine is under complete 
automatic control. This feature makes remote-control opera 
tion of compressor stations exceedingly simple, requiring only 
supervisory control transmitted by microwave, telephone 
wire, or leased channels. The prototype gas-line pumping 
model will be tested early this year. 

Power Generation—Two power-generation models are 
under development. The first is a simple open-cycle, 5000-kw 
unit having approximately 20 percent better efficiency than 
the smaller 2000-hp size. The machine is of such compactness 
and small size it can be mounted on skids or wheels if desired 
as a mobile emergency-power unit. This machine began initia] 
shop tests last month. Following these shop tests it is planned 
to place this unit in public-utility service in the Southwest 
to burn natural gas. 

The second unit under development for power generation is 
a high-efficiency 15 000-kw machine and is scheduled for 
service on the system of the Public Service Company of 
Oklahoma in 1954. The unit will have intercoolers and re- 
generators, which will give an efficiency better than steam 
plants of comparable size. Design studies are being made to 
make this a completely outdoor installation requiring no 
building and a simple foundation. This machine is also being 
designed to burn natural gas. 

Work is continuing on the development, through coopera 
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tion with the oil companies, of a satisfactory residual-oil 
yas-turbine fuel. A combustion rig is being used to determine 
effects of oil having various ash contents on corrosion of hot 
metal parts of the turbine blading. From these tests it ap- 
pears that excessive corrosion of hot, high-temperature ma- 
terial occurs with high vanadium oils. Some promising ad- 
ditives that neutralize the effect of these ashes are now being 


subjec ted to service tests. 


Progress with the Submarine Reactor 


fees BUSINESS of putting atoms to work to drive a subma- 
rine is getting on. Scattered over the area that was once 
Bettis Field airport are several low buildings that are to 
be the birthplace of a nuclear-driven power plant. A group 
of scientists, engineers, and production people is work- 
ing at top speed on this project, in cooperation with the 


Atomic Energy Commission’s Argonne National Laboratory. 

Details of progress on the power plant are, quite properly, 
closely guarded secrets. However, as is generally known, 
work on the first power plant, a prototype of the submarine 
plant, Mark I, is well along. Mark I consists of the reactor, 
all its controls, the fluid medium for extracting heat from the 
reactor, and the heat exchanger, which would be the boiler for 
the power plant. This power plant and its surrounding build- 
ings are being constructed at the AEC Reactor Testing 
Station, at Arco, Idaho. The steam propulsion system follows 
conventional marine practice except for measures taken to 
reduce dimensions and weight made necessary by the sub- 
marine application. 

The project has already produced scores of first-grade 
technical accomplishments that are side issues of the reactor 
itself. These are of lasting value in themselves and, sooner 
or later, will be disclosed for the general benefit of our indus- 
trial soc iety. 
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Big Jets 





The hollow-jet valves for the Alvaro Obregon Dam, impounding 
water for an irrigation project in Northern Mexico, are large 
enough for an automobile to drive through. They are 8'2 feet in 
diameter at the inlet end and 12 feet 9 inches at the outlet side. 
These are the largest Staats-Hornsby type free-discharge valves 
ever built. Under an effective head of 155 feet, each valve will 
discharge 1 800 000 gallons of water per minute. 

Because of their size, the valves presented new engineering 
problems. They will be operated by oil instead of mechanically; 
they are being fabricated of cast steel instead of castings. To 
prove the design, a four-inch model, shown here, was made and 
tested at the Sunnyvale, Cal., plant. The valve, with its many 
pressure-measuring tubes, somewhat resembled an enormous 
atom-model. It provided detailed information as to what exactly 
is happening within the valve, the oil pressure required to oper- 
ate it, and the actual flow as compared to the calculated flow for 
various openings. 

These valves not only meter the wa- 
ter from the dam into the irrigation 
canal but also dissipate the stored en- 
ergy. This is done by their hollow, 
aerated stream. This softens the flow 
much as an anti-splash attachment for 
kitchen-sink faucets. 
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King-Size Gates 


Intake gates for hydroelectric dams are coming big these days. 
In fact, as big as the side of a house. Indeed, four of the ten 14% by 
27-foot gates being built for the giant Garrison Dam and Power 
Project on the Missouri River in North Dakota are big enough to 
form the sides of a bigger-than-average bungalow. These gates are 
3% feet thick, fabricated from heavy steel plates. They weigh 55 
tons each. Each gate moves on hardened stainless-steel rollers 
linked to form two continuous chain-like roller bearings that ride 
on hardened stainless-steel tracks on the frames. In service, each 
gate is raised and lowered by a cable hoist. Watertightness is ac- 
complished by a rubber seal strip on the gate that is forced by air 
or water against a stainless-steel seal strip on the frame —a de- 
velopment of the Garrison District Office of the Army Engineers. 
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Here are two firsts. The picture above shows, nearing com- 
pletion, the first installation of Watchcase circuit breakers 
on the Bonneville Power Administration system. Right, the 
first 10-million kva (interruption) breakers for 161 kv being 
installed on the system of the Tennessee Valley Authority. 


Oil Circuit Breaker Progress Reflects 
Industry Growth 


ETWEEN the lines of the record of recent rapid progress 

in oil-circuit-breaker development and extension in ratings 
can be read the story of the almost fantastic growth in high- 
voltage power systems. 

High Interrupting Capacity—Only a little over a year ago 
the first tests were made on circuit breakers capable of inter- 
rupting 10 million kva at 230 kv. (Until then the breaker of 
greatest interrupting rating installed anywhere was 5 million 
kva.) Already more than twenty 10-million-kva, 230-kv 
breakers have been installed or are under construction. Close 
on the heels of that development came the even more difficult 
task of building breakers of that same short-circuit capacity 
but at 161 kv (the severity of the interruption problem is 
geared more to current than kva). Before the first one was 
installed last fall more than a hundred units were under con- 
tract forthe TVA areaalone. Significantly, the 10-million-kva, 
161-kv breaker requires no radical departure from its prede- 
cessors. Larger tanks are not necessary, but the condenser 
bushings will be stronger, and the interrupting-grid structure 
will be larger. The trend to high-capacity breakers at lower 
voltages continues. The use of 10-million-kva breakers is 
being studied for two 138-kv systems and breakers of this 
rating are now being designed. 

Multiple Reclosing— Another requirement adds significantly 
to the breaker-designer’s problem. Multiple reclosing! Ordi- 
narily high-capacity, high-voltage breakers are arranged to 
reclose only once following an automatic opening. The 161-kv 
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The new interrupting mechanism on high-capacity oil cir- 
cuit breakers that permits three fast, multiple reclosures. 


breakers must be capable of three reclosures (1.e., four inter 
ruptions) in a total elapsed time of less than 1! 4 seconds. This 
1s expected to permit re-energizing circuits more promptly 
after clearing of faults caused by the multiple lightning strokes 
common to that regions A pneumatic mechanism was de 
veloped to achieve this high-speed multiple reclosing. Using a 
pneumatic selector switch to determine instantly whether the 
cylinder does or does not contain high-pressure air, one of 
two latch triggers is mechanically selected to trip the breaker 
either non-mechanically trip free or mechanically trip free 
The new mechanism is arranged for fast dumping of air from 
the cvlinder and fast retrieving of latches following a mechan 
ically trip-free operation—not over one tenth second after the 
breaker reaches the open position High strength precision 
castings together with roller bearings reduce inertia and 
friction to make possible this speed 

Less Or Phe Watchcase construction of an oil circuit 
breaker tank, announced a year ago, has proved popular 
The first installation was made late in 1951 on the Bonneville 
Power System. Many other breakers of this type are under 
construction. The new 230-kv transmission circuit tving to 
gether five power companies in Pennsylvania will use a large 
number of the Watchcase breakers. The great merit of this 
construction is the reduction in oil volume by about one half, 
with attendant savings in maintenance cost and time, cost 
of oil-handling facilities, et« 

The practice of mounting all three tanks of a circuit 
breaker on a common steel-skid base, introduced a few vears 
ago, has increased in popularity and has been extended. Be 
cause the entire structure can be lifted by a crane as aul 


the cost ot installation is reduced 
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King-Size Mobile Transformers 


Four extremely large transformers are being built for mounting on 
railroad cars. Two are 83 333-kva units for use on the Bonneville 
Power System. The voltages involved are 220, 115.5, 57.75, and 13.2 
kv. The others are 50 000-kva transformers for use on the American 
Gas and Electric Company system. Each has three windings and 
vill work on different combinations of 132,90.2,69,48 , 35, and 24 ki 


Air circuit breaker 
voltages are increas- 
ing. This is an instal- 
lation of 69-kv break- 
ers on the Consoli- 
dated Edison system 
in New York City. It 
is the first commercial 
installation of com- 
pressed-air circuit 
breakers at this volt- 
age and marks the be- 
ginning of the 69-kv 
distribution in Man- 
hattan. Interrupting 
rating is 3% million 
kva. In construction 
they are of the indoor 
type but are provided 
with weathertight 
sheet-metal housings 
for outdoor service. 





arresters 


A Spiral Path Improves Expulsion Arresters 


A* W TYPE of expulsion lightning arrester employs a fiber 
cylinder with barber-pole grooves. Used as an insert, it 
greatly increases the ability to handle power-follow currents 
at locations of high short-circuit capacity. Expulsion arresters 
used on distribution circuits have, in the past, been limited 
in their application because in locations where the system 
short-circuit current is high, their useful life may be short. 
Distribution circuits, particularly in urban areas, are being 
built with more short-circuit current capacity to the point 
where the available expulsion arresters are inadequate. 

Ihe new arrester with the spirally grooved fiber insert 
LX-De-ion) is good for service even at places of highest 
power concentration. When a surge causes the arrester to 
operate, the discharge first travels to ground in the space be- 
tween the insert and the tube. But as gas pressure and ex- 
pulsion action come into play, the arc is driven into the much 
longer path along the spiral grooves. This increases the arc 
voltage materially, which in turn limits the power-follow 
current to values much below those the system would other- 
wise be able to pump through the arrester. The new arresters 
have been tested in the High-Power Laboratory on setups 
that delivered, on short circuit, 18 000 and 22 000 amperes. 
They cleared the power-follow current successfully and re- 
peatedly without difficulty. 
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A Self-Supporting Trellis for the 
Lightning-Arrester Vine 

IGH-VOLTAGE arresters have always presented a problem 

of support. They consist of porcelain-encased valve ele- 
ments that total 20 feet high for a 230-kv line. They have been 
suspended or braced to adjacent steel. This calls for steel 
work even higher to hang them from, or mechanical support. 
Either adds significantly to switchyard space and cost. Also, 
the self-supporting arrester results in a very worthwhile 
simplification of the switchyard structure. 

The new high-voltage arrester is self-supporting. Three 
vertical, triangle-spaced columns of porcelain insulators are 
erected. The arrester elements are then arranged in a spiral 
ladder up those three legs. The result is a short, sturdy, self- 
supporting structure. Because of the spiral arrangement the 
total height is only 915 feet for the 195-kv unit—less than 
half as much as the all-in-one-string, suspended unit. No 
additional structure is needed. 

Another benefit arises out of this. The arrester can be 
mounted on wheels to operate on the same rails as the trans- 
former. In normal operation the arrester is rolled up close to 
the transformer, giving the maximum of lightning protec- 
tion. It can be rolled back out of the way when necessary 
to service the transformer. 


transformers 


Hisercap and Lowgrocap Windings— 
Spread the Stress Program 


AT ANSFORMER problem has been approached from 
4-14 opposite directions. The problem is to divide evenly 
across the whole winding the electrical stress resulting 
from surges, as from lightning or switching. Unless 
something is done about it the turns nearest the termi- 
nals are socked with most of the stress, and it’s the stress 
on these coils that determines the amount of insulation 
for the entire unit. To achieve this uniform spread of 
impulse stress, the ratio of capacitance between turns 
(series capacitance) should be as large as possible com- 
pared to capacitance to ground. It is the ratios of 
these two capacitances that count. 

On two types of core-form transformers the even dis- 
tribution was obtained in opposite ways, in one case by 
increasing the series capacitance (Hisercap windings) 
and on the other by reducing the ground capacitance 
(Lowgrocap winding). 

In the Hisercap scheme (which originated in England) 
each turn is connected not to the adjoining turn but to 
the second turn, the final result being a sort of inter- 
laced connection. This scheme is generally applicable to 
flat pancake-type windings, which givea relatively short 
but fat coil. Because, with this scheme, the insulation 
required is less on a 10 000-kva unit, the height is re- 
duced about a foot. . 

On core-form distribution transformers the coils are 
designed to have winding layers of large area and with 
small separation (Lowgrocap). This gives a high series 
capacitance. The ground capacitance is eliminated by 
using a layer of foil connected to the line around the 
outside of the line layer. As with the Hisercap winding, 
the Lowgrocap provides a somewhat smaller winding. 
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A Round-Up of Power-Transformer Progress 


OWER transformers, big already, are getting bigger in kva 
Puan And the increases are not little ones. Engineers 
a year ago spoke proudly—and with justice—of the 145 000- 
kva, 138-kv, 3-phase unit at Detroit that carried the laurels 
for kva rating. Only five years ago the largest transformer 
electrically was rated at 110000 kva, 115 kv, three-phase 
Last spring the Detroit Edison Company asked Westing 
house to build not one but four, rated at 190 000 kva. These 
will be water-cooled and have no underload tap-changing 
equipment, which simplifies the shipping problem. Except 
for bushings and radiators, each will be shipped factory as- 
sembled as a single unit without oil. 

Regulating Transformers—Two years ago two regulators of 
record size were built to control the flow of power between 
Consumers Power Company and the Detroit Edison Com- 
pany. These were 100 000-kva units. Now one is in the design 
stage for 150 000 kva to connect a 138- and a 120-kv system. 
With these big units, essentially huge autotransformers, the 
problems largely center around the equipment for changing 
taps under load, which almost dominates the structure. The 
problems here are primarily those of capacity. No new basic 
structures are needed. As a matter of interest, the regulating 
winding, which is tapped for switching in and out of the cir- 
cuit to regulate voltage, has a rating of 19 500 kva. This is a 
sizable transformer in itself. 

Indicative of power-system growth generally, and specifi- 
‘cally that of distribution substations, regulators of 25 000 
line kva are now standard. Regulators of that size had been 


The self-supporting high-voltage lightning arrester being readied for 
tests in the high-voltage laboratory. It stands less than 10 feet high. 
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built for special needs, but the tops in standard units until 





last year had been 7500 line kva 





Until lately the largest shunt reactor for use in off-setting 





the leading charging current of long high-voltage lines when 
lightly loaded, stood at about 10000 kva. Now five shunt 
reactors, each for 25 000 kva, three phase, are being designed. 







e Furthermore they will have air instead of iron cores, as quiet 





operation of these units will be required. They will have the 





same total loss as iron-core reactors. 





Single-Feeder Substations—Single-feeder substations (CSP 





power transformer) have been built for years in ratings up to 
a maximum of 3750 kva, at 33 kv. These, too, have felt the 
pressure for growth. Last summer one for 5000 kva, 69 kv was 
installed by the Illinois Power Company. 

Forced Cooling—Growth of size is not the only trend ap- 






parent to the power-transformer landscape. One is in the rapid 





adoption of forced-oil cooling. The idea was introduced by 





Westinghouse in 1932 on locomotive transformers and in 1941 





on power transformers. Since then the Company has built 
about 30 million kva in such units. Of the power transformers 
above 10 000 kva now under construction, to which forced oil 






cooling is applicable, 65 percent are of that type. 
Insulation Levels—High-voltage 
have paid an indirect tribute to the skill of lightning-arrester 





transmission engineers 






engineers. For some systems, transformers are being specified 





with much lower insulation levels than are usually applied to 





that voltage class. For example, the Bonneville Power Ad- 





ministration has purchased, for its 220-kv system, transform- 





ers with insulation equivalent to about 180 kv. Reliance is 





being placed on the lightning arresters to hold surges below 





the corresponding impulse level. The obvious merits are re- 





duction in transformer size and investment. 
Impulse Testing— In 1944 the practice of subjecting a large 






proportion of power transformers built to routine impulse 





tests as a quality-control measure was introduced. This was 





considered a bold procedure at the time. Tests have now been 
made on over 45 million kva of transformers 








10 


WEOELENWEEWUVUoee eeweeroroo 


so: one en 


Cc ea | ape 


. as wa 
* 
ys 
i } A 
ft 
Py 


The gains to manufacturer and to user have been enormous. 

These gains have been of two sorts. The tests have served to 
locate defects in materials, errors in workmanship, faulty 
manufacturing or design techniques, and thereby have pre- 
vented costly outages in service. Also these tests have ac- 
cumulated an enormous mass of data invaluable to designers 
of new transformers. As a result, transformer design has 
steadily improved at a more rapid rate than would have been 
possible if knowledge had to be obtained by the slow, tedious 
method of waiting for field experience. As one designer suc- 
cinctly put it: ‘We have learned to put insulation where it is 
needed ind to leave it out where it isn’t.” This economy of 
use of materials is ultimately reflected to the user in dollars 
and cents, and directly in the quality of the product. 

The quality-control test has been recently streamlined, 
permitting a larger proportion of the units being built to be 
tested. In this change the chopped-wave test was substituted 
for the front-of-wave test. The chopped wave, while it rises 
slightly more slowly and not quite so high, is allowed to last 
longer than the steep-front wave, before it is chopped off 
abruptly. It, however, is as revealing as the steep-front wave 
because of its longer duration and because the rate of change 
of voltage on chopping is as rapid—and hence as severe to the 
insulation—as the steep-front wave. Also test engineers have 
amassed so much information that indications of insulation 
weakness are more readily discovered with chopped waves 
than with steep-front waves. 

Detail Improvements—Condenser bushings for 69 kv and 
less are not normally equipped with taps for capacitor-poten- 
tial devices and hence have no ready means for allowing 
power-factor testing. To facilitate this type of inspection in 
service these bushings can now be provided with a convenient 
tap at the base of the porcelain housing by which the outer 
layer of bushing foil is by-passed, giving access to the capacity 
current through the bushing insulation. 

Voise—Noise is forever a problem with large transformers 
located in residential areas. Frequently most of the noise 
comes from the fans pushing cooling air through the radiators. 
Noise from this source has been greatly lessened by the devel- 
opment of lower speed fans. These run at 1140 or 860 rpm 
instead of the customary 1725. With two thirds or one half 
the blade tip speed, the fans are much quieter. New blades, 
still following the quiet “bird-wing” design, have been created 
that move the same volume of air as before. 
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Vaporization Cooling— Major Event in 
Transformer History 


> ATNESS is generally not recognized at the time of its 
occurrence. This is often true of people, more frequently 
true of events, and most commonly true of things. Perhaps 
it will take years to evaluate a recent development in trans- 
former art. Although your editor is fully cognizant of the 
hazards of prophecy, he is willing to predict that, when the 
record of transformer progress is summed up years hence, 
one of the all-time great accomplishments will be an out- 
growth of a modest announcement that appeared in the 
technical journals last November. This is the principle of 
latent heat of vaporization applied for cooling transformers. 

Cooling by vaporization is not, of course, a new idea. It is 
brought into focus now by the development of an entirely 
new family of chemicals—the fluorocarbons—that possess the 
special set of properties required to make the idea work. Two 
properties, in combination, are especially important: low 
boiling point and high dielectric strength. Certain fluorocar- 
bons vaporize at convenient temperatures (170 to 214 degrees 
F). The vapors, particularly at slight pressure, are excellent 
insulators. The dielectric strength is as good or better than 
oil under practical conditions. Also fluorocarbons are thermal- 
ly stable and relatively inert. 

A fluorocarbon transformer will operate about like this. 
A small amount of the liquid—a few gallons at most—is 
sealed inside the unit. When the transformer is operating, a 
motor-driven pump lifts the liquid from a sump to nozzles at 
the top of the transformer where it is flowed or sprayed 
directly onto the hot windings. The liquid vaporizes, collect- 
ing large quantities of heat that it carries to the tank walls, 
radiators, or heat exchanger. The vapor gives up heat, con- 
denses, and returns to the sump to repeat the cycle. 

Such a system has several obvious virtues. The trans- 
former is free from danger of fire or explosion, because the 
liquid used is fireproof. In fact, it has fire-extinguishing prop- 
erties. A transformer of this type is as small as and much 
lighter than an equivalent liquid-immersed transformer. 

The principle has no inherent kva limitation because the 
heat transfer by vaporization is superior to that obtained 
with circulating oil. This makes possible a compact design 
of the coils, as well as a reduction in the amount of external 
cooling surface because the external surface is at practically 
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Houses cost money. Hence, if station switchgear apparatus can be 
used without the usual buildings of brick or concrete and steel, 
economies become considerable. The City of Seattle has installed 
indoor-type compressed-air circuit breakers of the 34.5-kv class, 
switches, and associated apparatus for a 14-circuit station of their 
26-kv distribution system in sheet-metal enclosures. These are 
necessarily weatherproof, but are much lighter, smaller, occupy 
less ground area, and are less costly than a conventional building. 


the same temperature as the copper. Thus, both superior heat 
transfer and the boiling temperature of the liquid are factors 
in reducing external surface. Because of the dielectric strength 
of fluorocarbon vapors, it will be possible to extend the volt- 
age rating of vapor-insulated transformers far beyond the 
present ceiling for dry-type transformers. 

The idea of using fluorocarbons of high molecular weight 
to cool a transformer had its beginnings in the Westinghouse 
Research Laboratories several years ago. The first experi- 
mental unit made use of a standard dry-type, 50-kva core and 
coil assembly. Equipped with adequate cooler capacity and 
cooled by vaporization, this unit delivered in excess of 350 
percent of its rated load, with the copper temperature much 
lower than is normal for dry-type operation. The heat dissi- 
pated was ten times greater than the dry-type transformer 
could handle. Unfortunately this spectacular performance is 
not of much practical use. At 350 percent of rated load, the 
losses and the impedance are much too high. However, it 
does illustrate the possibilities. 

Like most revolutionary ideas, fluorocarbon cooling will not 
be reduced to practice overnight. The idea cannot be effec- 
tively applied to transformers of existing design. Many other 
problems remain to be solved before large-scale commercial 
application. However, there appears to be no fundamental 
obstacle to its widespread use in many applications, from the 
small subway units up to the largest of powerhouse trans- 
formers. Vaporization cooling is likely to rank in importance 
to the introduction of oil for cooling of transformers by West- 
inghouse in 1887 and the development of silicon iron in 
England about the turn of the century. 
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The new potential transformer with deep-drawn housing shown 
at the right is built for 2400 volts. It includes indoor and outdoor 
varieties. Bushings can be mounted either on top or at the end. 


What’s New in Instrument Transformers 


wr Transformers—A new family oi potential instru- 
ment transformers combines several features that total to 
real progress. A simple, deep-drawn steel case provides the 
smooth lines pleasing to the eye. The transformers, as before, 
are plastic impregnated under vacuum but contain pads of 
sponge rubber that provide cushion for thermal expansion and 
contraction in service. A screw-type cover for the hole 
through which the plastic is applied insures against leakage 
of plastic or entrance of moisture. A new high-voltage bush- 
ing eliminates a separate mounting flange. Use of crepe-paper 
insulation instead of solid plastic gives higher impulse strength 
and lower power-factor (i.e., loss). 

Current Transformers—A new current-metering  trans- 
former (FWO) is silicone treated to give a new degree of 
weatherproofness. In fact, units have been operated under 
water to give positive proof of their ability to ignore moisture 
Thus is available a through-type transformer for outdoor 
mounting. Cables can be run through it without being cut. 
Excellent accuracy is obtained by use of the biased-core prin 
ciple, which is not new but has recently been made applicable 
by improved factory methods for insuring accurately matched 
cores. Hipersil-steel cores make uniformity and minimum 
physical dimensions obtainable. 


ines, relayin 


The High-Voltage-Line Explorer’s Report 


HE STUDY of high-voltage transmission on the Tidd lines 
has been much like an expedition to the Antarctic. It 
took extensive planning, much costly equipment, and several 
years of diligent effort on the part of teams of specialists. The 
final result is a mass of data, charts, and oscillograms—all 
of which could be stowed in a few file drawers. But the future 
influence will be widespread. 
Ihe Tidd lines at the Philip Sporn Station of the American 
Gas and Electric Company, capable of being energized to 500 
kv, were completed in 1948. Testing has been continuing ever 
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since. The program as originally set forth is essentially com- 
plete and these results have been made available to the 
industry in a series of AIEE papers. Some questions still re- 
main unanswered and work is in progress on these. The first 
direct application of the knowledge gained at Tidd is to the 
315-kv system of the American Gas and Electric Company, 
now under construction. 


New Flexibility in Power-Line Carrier 


- poeseione raga aimed at increasing flexibility, extending 
application, and giving improved performance are being in- 
corporated in power-line carrier equipment. 

Frequency-shift equipment operated by alternating cur- 
rent and suitable for low- and high-speed telemetering and 
control has been developed. Crystal-controlled, it allows 
minimum spacing between channels, permitting more func- 
tions to be carried out ona power system. A single design pro- 
vides for both contact and voltage keying so that it can be 
used with most commercially available telemetering equip- 
ments. Unit construction is employed. This, with the adjust- 
ment of frequency completed in the factory, is aimed to sim- 
plify installation. 

New tone equipment providing up to 18 tones in the voice- 
frequency spectrum replaces the previous 10-frequency tone 
equipment (JY). In addition, the new equipment can provide 
16 frequencies above 3500 cycles for application to microwave 
equipment (FB) and telephone lines. The units are much 
smaller than the older tone equipment and are suitable, with- 
out modification, for many functions not previously supplied. 
They provide for protective relaying, supervisory control, 
transfer trip, and telemetering. Slow- and high-speed impulse 
rate, impulse duration, and frequency-type telemetering can 
be handled equally well. The line includes tone transmitters, 
tone receivers, line amplifiers, selective amplifiers, and all 
necessary power supplies. 

New line tuners to provide more efficient and more flexible 
coupling of power-line carrier energy to power lines have been 
developed. To meet all requirements, both 10-watt and 100- 
watt designs are available with extended frequency range of 
40 to 200 kilocycles. Both designs feature standardized com- 
ponents that can be put together to provide single- and two- 
frequency operation for both phase-to-ground and phase-to- 
phase connection to high line. After an installation has been 
made of the simpler forms, the tuner can be converted by 
additions in a few minutes to one of the more complex forms 
as the system changes. Both designs feature permeability 
tuned coils and Fosterite-treated matching transformers and 
drain coils, 


Quiet, Please! 


NGINEERS are fed up with the noise nuisance on power- 

line carrier. The firm determination to do something 
about it has led to an extensive survey of noise conditions on 
the carrier equipments of many power systems—and the 
study is far from complete. This is the first coordinated study 
of noise made on a large scale. 

A noise survey of a public utility involves a preliminary 
study with measuring equipment of general noise conditions 
at different parts of the power system. Then, automatic re- 
corders are set up to collect data over an extended period, 
to be analyzed later together with weather information col- 
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lected simultaneously. The survey is continuing, but con- 
siderable information has already been obtained that leads, 
principally, to better application of carrier apparatus on 
specific systems. For example, it has been learned that, con- 
trary to previous belief, the higher carrier frequencies may, 
in some cases, be better for long-haul circuits. Also, noise 
level does not depend solely on line voltage. 

In areas of high lightning-storm frequency, noise is par- 
ticularly troublesome. To help alleviate this situation an anti- 
noise receiver has been developed. This receiver discriminates 
against noise, which spreads over a wide frequency band, but 
it accepts and responds to a keyed carrier signal that is 
essentially confined to a specific frequency. The circuits of 
the receiver are arranged so that the noise components on 
each side of the tuned frequency produce a response in op- 
position to those at the tuned frequency. Thus, the noise 
in effect ‘commits suicide” and the receiver responds to the 
desired signal alone. 


Faster Telemetering 


ORE MILEs per hour, or feet per second, or fewer seconds! 

The drive for greater speed characterizes all industry. In 
the electric-power business 10 to 12 seconds to telemeter a 
large change in load is too long. A new system, all electronic, 
reduces the time to about two seconds. 

In this system the load indications are translated by con- 
ventional thermal converters into proportional d-c milli- 
volts. These are converted to alternating current and ampli- 
fied greatly. The result is a signal of some frequency between 
15 and 35 cycles exactly indicative of the size of the load. This 
variable-frequency signal is transmitted, usually by power- 
line carrier, to the receiving point. 

Except for the recorders, the system has no moving parts. 
Because it is all-electronic, it is inherently faster than its 
predecessor, which employed a commutator to produce pulses 


Numerous applications for microwave communication 
are developing. Installations of 960-mc equipment have 
been made or will be completed this year on several pow- 
er-transmission systems for various combinations of com- 
munication, telemetering, relaying, and supervisory con- 
trol. The 960-mc apparatus, shown here, is giving an ex- 
cellent account of itself in performance and reliability. 


proportional! to load. Use of thermal converters makes totali- 
zation of several generator outputs easily possible as it is 
necessary only to connect their outputs in series. 

Faster telemetering enables a dispatcher to take into ac- 
count rapid load changes. Also it is particularly useful with 
automatic load-control systems. 


The Current Overload Relay Is Modernized 


7 WORK-HORSE member of the protective-relay family 
undoubtedly has been the overcurrent relay (CO). Intro 
duced in 1914, it was the first accurate device used in the re- 
laying field and, in numbers, still outranks all others. To im 
prove on such a device is difficult—but not impossible. 

Early this year a new version is appearing. It is much more 
versatile as to the shape of the current-time response curves 
it can be adjusted for. In fact one relay will provide either 
the so-called inverse or the very-inverse curves that previous 
ly required two relays. The new relay has a widely adjustable 
inverse response curve. By the use of Alnico damping mag 
nets, the gears, previously needed with weaker damping 
magnets, have been eliminated. The electro-magnet is also 
made smaller and more efficient. 
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Obstacle Removed—Series Capacitors 
Quadruple in Size 


— a year and a half ago the road block that had long 
stymied the use of series capacitors on high-voltage lines 
was removed. This was the development of a means for shunt- 
ing excess current during a short-circuit around the capaci- 
tor without removing it from the circuit and thus losing its 
value during the critical transient period. This switching 
arrangement was applied to a 24 000- 
kva bank of series capacitors at 
Chehalis, Washington, substation on 
the 230-kv system of the Bonneville 
Power Administration. 
With the way thus cleared, bigger 
—much bigger—series capacitors came 
into view. Early this year an installa- 
tion twice as big—for 46000 kva— 
will be made, also on the Bonneville 
system. But that record for size will 
be brief. By year’s end another one, 
again almost double in size—85 000- 
kva—will be placed in service. These will employ the basic 
switching scheme of the Chehalis unit, with various detail 
but important improvements. 

Throughout all history every unexplored territory has 
been suspected of harboring unknown “‘dragons.’”’ Some be- 
lieved that series capacitors would introduce relaying prob- 
lems so severe as to prohibit their use. Extensive tests of the 
24 000-kva capacitor were made prior to construction in the 
computer laboratory and later on the system itself. The net 
result:'no dragons; no series-capacitor-inspired relay prob 
lems. Consequently, a large new area is opened up for “‘settle- 
ment” by series capacitors. The rational basis for series- 
capacitor application has been established. 
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istribution equipment 


Distribution Transformer Progress in 1951 


Pwo Major developments in distribution transformers have 
I now had a little more than a year’s full-scale experience. 
These are the use of inhibited oil and the Coastal finish for 
tanks. The evidence piling up supports fully the anticipated 
advantages of both 

Oil Inhibitor—When distribution transformers are filled 
with oil at the factory, a small amount of oxygen inhibitor 
is added crystalline form. This inhibitor acts to retard 
oxidation and consequent sludging of oil. Life of the trans- 
former oil is approximately tripled. These transformers are 
tightly sealed at the factory and hence provide inherently 
good conditions for the preservation of the oil. However, 
linemen may not restore covers to their original tightness 
after removing them to change taps. Hence, the inhibitor is 
especially beneficial to this class of apparatus 

Coastal Finish—All distribution-transformer tanks are 
now, as a matter of routine, given the Coastal finish, which is 
a three-coat paint system with mica flakes in the second 
coat. This finish was designed primarily for pole-mounted 
transformers in seacoast areas where corrosion from salt-laden 
fogs has always been a serious problem. It is also beneficial 
in normal and industrial-area atmospheres. The 18 months’ 
experience with several hundred pre-production transformer 
tanks has to date been good, without exception. 

Coastal finish as applied in the factory requires baking. 
An air-drying version for application to units too large to 
bake is being tested. An air-drying modification suitable for 
touch-up purposes in repair shops has been made available 

Tighter Handhole Cover- 
been made in the sealing of the handhole cover on distribu- 


An important improvement has 


tion transformers. The problem has been to obtain a per- 
manently water-tight gasketed joint for the small opening 
necessary to allow adjustments of the tap mechanism. The 
new cover is perfectly round (has no ears for clamping) and is 
held in place by two spring-loaded clamps on the main cover. 
Phe ring gasket is of cork-neoprene and is sliced from a long 
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roll of the material. This saves cutting it out of a flat sheet, 
which entails much waste, or forming it by bending a strip 
into a circle, resulting in a troublesome scarfed joint. The 
recess into which the gasket fits is deeper than before and 
provides restraint in both horizontal and vertical directions, 
so the gasket cannot crawl out under clamping pressure. 
Wall-Mounted Porcelains—The use of tank-wall mounted 
disconnect bushings and externally mounted lightning ar- 
resters, begun a year ago on units up to 25 kva, has been so 
successful that it has been extended to the larger ratings. All 
tanks up through 5000 volts and 100 kva are so equipped. 
Semi-Buried Distribution Transformers—Several years ago 
Westinghouse engineers advanced the idea of eliminating the 
overhead line and pole construction of distribution circuits 
in residential developments, where appearance is of great im- 
portance. The plan is to use trench-laid cable and distribu- 
tion transformers set in a concrete cell below ground with an 
above-ground metal cover. The idea has great appeal but the 
construction is more costly. Until lately only academic interest 
was displayed in it by power companies. However, in the 
last several months, this interest has taken concrete form by 
many utilities. As of November 1, some 18 power companies 
had placed orders for equipments—some for sizable numbers 
of the semi-buried units. These utilities are widely scattered 
throughout the United States, and even Hawaii. 


“ +4 4 
School for Linemen 


LINEMAN doesn’t have to 

know what goes on inside 
the transformer he hangs on a 
pole top. But if he does he will = 
be a better lineman, will enjoy Ro 
his work more, and will be pre- 
pared for a position of greater responsibility, while at the 
same time the power company will be enabled to give better 
service to customers. 

Acting on this theory and asa service to industry, Westing- 
house last year developed a course of study for power com- 
panies to use with their pole climbers. This training program 
employs every modern teaching aid in the book: study text, 
color motion pictures, slides, cartoons, wall charts, split-core 
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demonstrator, and even scale mod- 
els of pole tops with distribution 
transformers and other pole-line 
equipment, including cut-away 
models of protective equipment. 
The models work, too. Practice 
hookups can be made and lamps 
lighted to prove the wiring is cor- 
rectly made. The text was purposely 
made ABC clear. To prepare the 
text a professional writer was hired 
who had no training or previous 
connection with transformers. The 
course, as planned, is given in six 
11-hour sessions. The entire course 
material is educational in nature 
and is essentially free from product 
promotion. Many power companies 
have already asked to have the program properties for use 
with their linemen on their systems. It is an unusual 
adventure in education. 


Low-Cost Capacitor for Low-Voltage 
Distribution 


HERE WATTLESS (lagging) current is generated, that is a 
good place to use capacitors to counteract it. The ob- 
stacle is cost. But engineers have been hacking away at cost 
so that shunt capacitors are creeping closer and closer to the 
load, i.e., the source of the reactive kva. 

Last year a development was completed that enables the 
capacitor to leapfrog the distribution transformer, so to 
speak, i.e., from the high-voltage side to the secondary side. 
By exercising every design and construction economy, de- 
signers have produced a 3-kva, single-phase, 240-volt shunt 
capacitor low enough in cost that one can be inserted in each 
secondary line of a transformer of 15 kva or larger. 

The unit is housed in an extruded aluminum tube with a 
porcelain insulating lid. The assembly is about 161% inches 
long and 4!4 inches in diameter. It is connected to the line 
by a wire small enough to act as a fuse in case a short cir- 
cuit develops within the capacitor. 
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The benefits are: increased capacity for the trans- 
former, better voltage regulation for the customer, 
and more revenue for the power company because 
the correct voltage is maintained during peak load. 


A Good Watthour Meter Made Better 


fh se OF THE most important —if least glamorous— 

types of engineering progress is the making of 
small, detail improvements in an accepted device, 
which totalize to significant betterment. The watt- 
hour meter (CS) and (CA) has had such a going 
over, with three resulting benefits. 

The potential coil is now enclosed —instead of hav- 
ing open ends; is vacuum treated.,and impregnated 
with a polyester resin. The result is a coil completely 
encased with tough, moisture-resistant synthetic resin 

that gives the coil an insulation level of 10000 volts com- 
pared to the previous 6000. Thus, the failure rate due to 
switching surges or lightning is reduced. 

The other two improvements have to do with calibration. 
One is that the task of calibration is simplified; the other, 
that calibration once made is more lasting. These come about 
from a slight change in the dimensions and shape of the light- 
load adjuster, and by Bonderizing each core lamination inde- 
pendently to prevent circulating currents that disturb cali- 
bration. This Bonderizing also deters rusting. Also, the lagging 
plate is better anchored and better insulated from the 
magnetic cigcuit. The light-load adjustment is made easier 
by a knob that can be turned by hand or screw driver, either 
from the front or from the side. Meters with these changes 
have been subjected to abuse no meter would normally re- 
ceive and their calibration found to be undisturbed. 


Direct-current voltages are coming higher these days too. A selenium 
rectifier—by far the largest ever made—was built last year to deliver 
500 kw of 100 000 volts d-c. It was constructed in two sections, each 
rated at 50 000 volts, five amperes, fully insulated and submerged in 
oil to prevent corona formation. Each unit resembled a power trans- 
former and stood 15 feet high. The rectifier was assembled of 21 000 
high-voltage (i e., 33 volts) selenium plates. 
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Above and at right are 
the new low-voltage air 
circuit breakers. At far 
right one looks into the 
space occupied by a 
breaker, showing the 
always visible terminals. 





Low-Voltage Air Breakers Are Smaller 
and Better 


OW-VOLTAGE air circuit breakers are both smaller and 
have new abilities. Because of greater compactness the 
new breakers (DB50), now in full production, can be stacked 
three high in a standard 90-inch metalclad switchgear as- 
sembly. Before, only two units of the 50 000-ampere rating 
could be used in this space. The new breaker is built for either 
manual or electrical operation and is equipped with trip 
devices with adequate time delay to provide, for the first time 
in breakers of this rating, built-in selective tripping. The con- 
tacts, closing mechanism, and latches are sturdy enough for 
the breaker to be closed against fault currents up to its rating, 
and to carry that current for a short time. The overcurrent 
trip performs the functions of current transformers, relays, 
and trip-energy source, which were formerly required. Dead- 
front construction is used. 
To the standard line of low-voltage metal-enclosed switch- 
gear has been added an air circuit breaker that can be moved 














to and left in any of the three positions—connected, test, or 
disconnected—without having to open the door of the en- 
closure. This means greater safety and the advantage of not 
having to leave the doors standing open, blocking aisle space 
when a breaker is removed from service. A further improve- 
ment lies in a change in position of the secondary or control 
contacts. These have been moved from the rear of the breaker 
element to the sides, thus providing a visual check of align- 
ment plus complete isolation from the main contact area. 





Usually, engineering ideas, no matter how good, take time —years 
—to spread into the various forms to which they are applicable. In 
the instrument field are two that have taken a much faster pace. 
These are the circular-scale design and the Full-View dial. The 
first came during World War II, as a requirement of the U. S. Navy, 
and the second was announced only a little more than a year ago. 
Both received such immediate acceptance that instrument design- 
ers have been hard put to it adapting the ideas to the many essen- 
tial functions required of instruments—and there are literally 
thousands of varieties, each of which is a design problem in itself. 
Last year, for example, the continued expansion of circular-scale 
instruments included a-c wattmeters, several d-c types, high-volt- 
age d-c types, and position indicators. The Full-View feature has 
been extended to the entire family of switchboard instruments and 
to those designed for installation on the rear of switchboards. 
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Outfoxing Water 





place with a high-pressure jet of water. 

















H™ TO LET air in but to keep water out has always been a problem 
with motors of the splashproof type. The problem is particularly 
severe when a workman in a food plant or dairy diligently hoses down the 


The smaller splashproof Lifeline motors customarily have a bracket and 





Single-Phase Motor-Starting Performance Improved 


— the modern single-phase, capacitor-type induction motor has 
pretty well outgrown its early stigma of having low starting torque, that 
characteristic was further improved last year. The new four-pole, capacitor- 
start, induction-run motors in the 1-, 114-, 2-, and 3-hp sizes have 10 percent 
more starting torque than before, with no increase in starting current. This has 
been done by making slight adjustments in design to obtain optimum character- 
istics and by improving control of manufacturing processes. 

The larger four-pole, single-phase notors—5 and 7!4 hp—now have two 
capacitors, one for starting and one ‘for running, both built as part of the 
motor. The addition of the running capacitor gives greatly improved motor 
performance. The starting current is 25 percent less with no loss in starting 
torque. Efficiency is improved and the power factor is raised almost to unity. 
The 714-hp motor is smaller than before. Both the 5- and 7!4-hp single-phase 
motors are now built on the same frames as their polyphase counterparts. 


The new single-phase capacitor motor 
(left) has improved starting torque. 
With lowering water tables, irriga- 
tion projects must pump from greater 
depths. The consequence is a trend to 
much higher thrust loads on the bear- 
ings of the hollow-shaft, vertical mo- 
tors (below) generally applied. In 
some cases the vertical loads have 
reached 30 000 pounds, which has ex- 
ceeded the capabilities of ball bear- 
ings. For these large vertical motors 
(up to 500 hp) a new thrust-bearing 
construction employing tapered roller 
bearings is proving very successful. 












cover at each end comprising a double wall. The dome-shaped drip cover 
is open at the bottom to allow cooling air to enter or leave. The bottom 
half of the bracket is solid, but the top half contains the passages for air 
into the windings. Water, to get into the windings, must take the devious 
path formed by the openings in the bottom of the cover and those in the 
top of the bracket, or work its way along the shaft. But one must not un- 
der estimate the effect of a high-pressure hose. Water does get in. But in 
the future it will do so with more difficulty. 

Motor engineers have made a new attack on the problem. To learn just 
how water does get into a motor, they mounted a motor drip shield, end 
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bracket shaft, and bearing 
Then, with a workman and a hose at work on the outside, they 





housing in an opening in a wall. 


made like they were motor windings, so to speak, to deter- 
mine exactly how the water entered. Out of this study came a 
simple device somewhat resembling miniature, vee-shaped 
eaves fastened to the inside of the cover above the shaft. A 
flinger, which is a rubber ring mounted on the shaft, first 
meets the incoming water and throws it outward. What water 
goes upward is caught by these inside-out eaves and is drained 
down the inside of the end housing to holes in the bottom 
and_thence out of the motor to the bottom outlet. 


motors controls 


Improved Basic Control Elements 


* ly \ REVIEW of progress in electrical control, the more 
interesting stories have to do with the special systems for 
spectacular applications. But possibly these are not as im- 
portant in the aggregate as the unspectacular improvements 
continually being registered in the basic control components 

such as contactors, motor starters, switches, and relays. 
Contactors, which are among the most fundamental of 
control devices, have been improved. The 300-ampere con- 
tactor (NF) used in NEMA size-5 starters is about one fourth 
smaller, a matter of great importance because they are so often 
used in crowded spaces such as in mining machinery. It is 

built in two-, three-, four-, and five-pole combinations. 

The smaller contactors (NR) mentioned last year are now 
provided in the full range of varieties—which runs into the 
5 hundreds of combinations in each size. This holds true for 
; both the 100-ampere (size 3) and 150-ampere (size 4) con- 


With Moneca, single-phase motors are designed more quickly. 
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The new all-purpose motor-driven rheostat and type-M contactor. 


tactors. By changing the construction from cast steel cab- 
inets to fabricated steel, waterproof contactors are more 
easily and quickly obtained. 

The general-purpose, 600-volt d-c contactor (M) has been 
extended in sizes and now can be had in the standard continu- 
ous current ratings from 100 through 900 amperes and in 
both magnet-closed and spring-closed varieties. 

One special merit of the M contactor is its unit assembly. 
To install, it is necessary to drill only the required bolt holes 
and slip it into place. Accessibility is another feature; con- 
tacts can be serviced without removing arc chutes or arc 
horn. Also, their condition is more readily visible. 

The small types of motor-driven rheostats have been im- 
proved, principally in the direction of being smaller and sim- 
pler. This comes about by a complete new design using im- 
proved and smaller gearmotors, a better cam mechanism, and 
the latest ideas in rheostats. The emphasis in the new design 
is for durability as well as for accessibility for servicing. 


Testing Motors without Building Them 


COMPUTER of the analog type, specially designed to simu- 
A late motor windings, is proving of great benefit in design- 
ing fractional-horsepower, single-phase motors. With this 
computer the performance of a proposed design that would re- 
quire a week to calculate can be determined in less than a day. 
As a consequence, a designer can explore a design in far more 
detail than would otherwise be justified or that he would have 
the patience for. Designers, too, are finding that because 
the different values appear before them on dials they are 
gaining better mental pictures of the effects of changes in 
machine variables. The computer, named by its users, the 
Moneca (after motor-network-calculator), can show the 
effect of changing a single variable better than actually build- 
ing two machines and testing them—and will do it in minutes 
instead of months. 

The Moneca is designed for single-phase instead of poly- 
phase motors. This is because the time required to calculate 
the speed-torque curve or performance of a single-phase 
motor, oddly enough, is about four times longer than for a 
polyphase motor. The complication of the starting winding 
and the starting capacitor causes this. 

lhe Moneca is patterned after the big network calculators 
in the East Pittsburgh Network Calculator Laboratory. Un- 
like them, however, its power supplies are all electronic. 
It uses no rotating machines. The use of electronic power 
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An indirectly heated F-frame breaker and an automotive starter. 


sources extends the economical field of use of network calcu- 
lators to much smaller units than were possible with motor- 
generator power supplies. 


Developments in Motor and Circuit Controls 


N THE FIELD of the smaller sizes of switches, circuit breakers, 
I and motor starters the year shows a variety of develop- 
ments that lead to better appearance, increased ratings in 
smaller enclosures, and switches specially suited to particular 
applications. 

Safety Switches—The basic design for safety switches 
was created about 20 years ago. While the performance of 
that design has been excellent, last year engineers re-examined 
the unit in the light of today’s design techniques. Certain 
parts have been strengthened and other refinements made. 
Much has been done to better the appearance. The new units, 
with smooth contours, avoid the harsh lines common on. the 
previous box-like structures. 

Circuit Breakers—The 600-ampere circuit breaker (L frame) 
is now provided with an adjustable magnetic-trip unit in- 
stead of one with a fixed setting. Thus it is possible to adjust 
the trip so that it does not operate on inrush starting cur- 
rents or ordinary overloads but gives maximum short-circuit 
protection. The trip units have been further improved by 
using a laminated magnetic circuit. This cuts down losses, 
gives more positive tripping, makes the performance on alter- 
nating current and direct current more uniform, and permits 
the use of the breaker on frequencies above 60 cycles. 

The 50-ampere circuit breakers (E frame) have previously 
had a thermal-trip element only, which gives good protection 
on sustained overloads. Now it has a companion—a magnetic 
trip—which enables it to operate faster on high currents. 

By adding more copper and rearranging parts it has been 
found possible to double the continuous current capacity 
(from 50 to 100 amperes) of the size-E circuit breaker. This 
again is a big help, particularly on crowded panelboards, 
where space is scant. 

It is becoming more common to use F-frame (100-ampere) 
breakers in combination Linestarters. Originally this breaker 
had thermal elements in which the current passes directly 
through it. These are well adapted to wire-circuit protection, 
but do not have quite enough time delay for use with some 
motor applications because of long starting characteristics. 
The directly heated thermal element has been changed on 
the 50-, 70-, 90- and 100-ampere circuit breakers to one 
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heated by radiation, giving the required additional time delay. 

Frequently it is desired to have associated with motor 
control equipment a disconnecting switch whose contacts are 
readily visible to the operator or service man. Control 
engineers have provided this in a simple manner. Merely by 
eliminating the cover and the automatic trip element from a 
basic standard circuit breaker, such a need is satisfied. As a 
result of the use of high-production, well-developed parts the 
disconnecting switch provides excellent circuit-interrupting 
abilities at low cost. 

Special Equipments—There are always many applications 
where the standard equipments simply are not available. In 
the automotive industry motor starters are used under condi- 
tions of unusual exposure to oil vapors and cutting oils. 
These and other considerations have resulted in special re- 
quirements. Tailored to these is a family of starters (type 
JIC), beginning with size 1, in which the enclosures have no 
through holes, no provisions for knock-outs, that employ 
stranded wire to resist vibration, and that have space for a 
transformer to provide 110 volts for the relays from the 208- 
or 440-volt motor circuits. 

Motor-control panels better suited for use with irrigation 
pumps have been developed. These must be installed near the 
pump without benefit of building and hence must be rain- 
tight and essentially impervious to dust. Yet they must be 
simple and low in cost. A new enclosure meets these require- 
ments and in addition has ample space for apparatus other 
than the starter, such as time clock, transformer, or an addi- 
tional third overload relay. 

A new enclosure for dock-side power supply for ships has 
been created. It is of heavy steel plate with fittings and seals 
necessary to resist the corrosive effect of moisture and salt air 
Plug-type receptacles make it possible for quick plug-in of a 
ship’s cable. Other features peculiar to this class of service 
have been taken into account. For example, the enclosure 
is so shaped that a sailor or longshoreman will not be 
tempted to cast a ship’s hawser over it. 

Mines customarily use 575 volts d-c. Until lately it has 
been necessary to use two 250-volt breakers for this service. 
A new breaker has been specially created for 575-volt d-« 
circuits carrying inductive loads. It employs De-ion ar 
chutes and blowout coils to effect extinction of the stubborn 
direct-current arcs. 


Magnetic amplifiers are taking on steel-mill jobs. This isa mag- 
netic-amplifier regulator for a large tandem cold-reduction mill, 












Two 200-ton gan- 
try cranes with 
Rototrol controlled 
adjustable-voltage 
motors can lift or 
lowerMcNaryDam 
spillway gates by 
as little as ‘42 inch, 


System Engineering with Package Drives 


Npustry’s trend toward higher process-line speeds, more 
I precise control of the process, and more automatic machin- 
ery calls for more of what can be called system engineering. 
Several or many machines must be integrated not only in 
operation but also in original design. The most commonly 
thought of examples are the spectacular steel-rolling mills 
and papermaking machines. But system engineering is not 
confined to these colossal machines. Some seemingly small 
processes are requiring system engineering. 

Phe control and drives for making (casting, it is called) 
Cellophane in sheet form from raw material is an example. 
The casting machine is driven by five motors, the largest be- 
ing only five hp. But the speed requirements are rigid. The 
speeds of any motor must not differ from any other by more 
than 0.1 percent (which is one rpm in a thousand) and the 
speed of the drive as a whole must not vary from a preselected 
base by more than one percent. 

Power for such a drive is supplied and regulated by a 
specially designed, 15-hp packaged drive, which consists of 
a motor-generator set with electronic regulators and controls 
for the tive individual motors all in one cabinet. The cabinet 
drive also contains a Rototrol rotating regulator to control the 
wind-up reel, whose motor speed must vary exactly in ac- 
cordance with the build-up of cellophane on the reel. The 
entire drive was designed as a unit, assembled, tested, and 
shipped as such. Installation consists of setting in a prepared 
location and connecting ingoing and outgoing leads. No align- 
ment or combination testing, on the site, of parts of different 
origins are required. No foundations are necessary. Space 
occupied on the manufacturing floor is much less 

Larger Packaged Drives—Packaged drives have grown 
steadily in size. When introduced years ago, the largest was 
approximately 25 hp. Now standard packaged drives are 
available in six cabinet sizes for capacities up to 200 hp 

When precise voltage regulation or pushbutton-station 
controls are required, electronic tubes provide the excitation, 
When these or other special requirements are not called for, 
a simpler excitation employing selenium rectifiers is used. 
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Lifting Gets a Lift 

LARGE PORTION of the money, effort, and time spent by 
A industry is to lift or lower something. Most of this is 
done with electric drives, of which there are three common 
types: a-c, adjustable-voltage d-c, and constant-voltage d-c. 
All have recently been treated to improvements. 

The A-C Crane Control System—Men attending a materials- 
handling conference at the Westinghouse plant at Buffalo 
several months ago were witness to a remarkable demonstra- 
tion. A 15-ton load suspended from the hook of a crane was 
lowered at various, smoothly controlled speeds. The load 
approached a table on which lay a walnut, and as it did so the 
speed was reduced to a slow creep. The load was lowered onto 
the nut so gently that the shell was cracked but not crushed. 

What made this exhibition of precise crane control so re- 
markable was that it was done with an a-c motor. Alternating 
current has long had a strong appeal for cranes because of 
its availability in most plants, but it has never been able to 
match d-c powered cranes in speed characteristics. One of the 
principal dissatisfactions with a-c has been in lowering light 
and heavy loads. Various a-c crane-control schemes are in 
use but they have never achieved wide popularity for one or 
more reasons. The speed of lowering of light loads, as when 
adjusting slings, is not uniform; the heavier the load the great- 
er the lowering speed in most cases (instead of vice-versa); 
the systems are complicated, or wasteful of energy. 

\ new a-c crane control, the Load-o-matic, is free from 
these objections and all but meets the performance of adjust- 
able-voltage d-c control. The control is enabled to provide a 
brand of performance hitherto unattainable because it is 
furnished more information. Specifically, as to the magnitude 
of the load. 

A lever is connected to the rope-equalizer mechanism or 
other sheaves standard on all cranes to support the hook. 
The position of this lever in an arc is proportional to weight 
on the hook. This position is translated by the inductor 
principle (actually a small repulsion-induction motor) into 
a proportional voltage. This signal is then used with the 
other conventional signals (speed and direction) with reactors 
in a circuit that cannot be described here, but which achieve 
several desirable ends. The principal ones are: 

a—Slower creeping speeds are obtainable throughout the 
load range than with any previous a-c system. Furthermore, 
speeds can be changed smoothly. 

b—For the slow-speed controller positions, the heavier the 
load the slower the speed. This provides safer and surer 
handling of the load 

c—For a given crane, motor size is reduced because less 
motor input current is required than for any other electrical 
braking system. 

d—In event of power or brake failure emergency dynamic 
braking prevents dropping the load. 

e—If a normal load is exceeded, the operator is signaled, 
and if an attempt is made to lift more than a specified over- 
load, hoisting motion stops. 

Load-o-matic control suggests that, as in human experi- 
ence, more knowledge makes better performance possible. 

1djustable-V oltage Cargo-Winch Control—The most versa- 
tile of all hoist systems is the d-c motor supplied from an 
adjustable-voltage source. If you want the ultimate, that’s it. 
But this calls for a motor-generator set and additional control. 

Last year even the superlative performance of that time- 
hor sred system was improved upon, with an actual lessening 
of the amount of extra equipment required to do it. These 
improved controls are being applied to the cargo hoists of 
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several of the new high-speed C-4 cargo vessels. (See p. 28.) 

The power supply and control for a pair of hoists (com- 
monly used together on a single load, one providing horizontal 
motion between vessel and dock and the other vertical 
movement) are contained in a single unit on a common bed- 
plate. This includes an a-c driving motor, two d-c generators 
with a common exciter, and, on a panel above the m-g set, all 
controls. The total amount of apparatus has been reduced 
over what was previously necessary. Part of the improved 
performance of this cargo-winch drive comes from a close in- 
tegration of generator and control circuit. Much of it derives 
from a new control circuit that includes three important 
features. One is a rectifier in series with the generator and 
motor series fields, which prevents current reversal in the 
fields when the load is overhauling the motor. A so-called 
“killer” field and a dynamic-braking resistor has been added 
to the generator circuit. Also, the control has a load-meas- 
uring relay and a timing load relay. These elements and 
others combine to give several desirable operating features, of 
which the more outstanding are these: 

1—A high light-line speed up to 250 percent of full load is 
obtained in both hoist and lowering directions to insure a fast 
loading cycle. 

2—The full-load lowering speed cannot exceed 150 percent. 
This is desirable from a point of view of safety of equipment 
and operating personnel. 

3—Full regenerative braking of the winch motor is ob- 
tained for all operating conditions. The magnet brake, there- 
fore, is used only for holding the load. 

4—Positive insurance of slow landing speed at all loads. 


awer supplies 


Slip Regulators Lose Weight 


— SLIP regulators for wound-rotor motors have been 
put through the modernization wringer. Literally, a lot of 
water has been squeezed out. The liquid slip regulator (and 
its cousin, the liquid rheostat), standard for years, has been 
an excellent performer. But it was elephantine in size and 


certainly no object of beauty. It consisted of a huge metal 
tank, in which were suspended the three electrodes. Sur- 
mounting the tank, well draped with pipes, was a superstruc- 
ture for supporting the walking beam, the driving torque 
motor, and the cables for varying the electrode position. 
Heat was carried from the electrolyte to the ladder of cooling 
coils fastened to each side of the tank. 

The new regulator is only one fifth as large physically and 
weighs less than one third as much. The floor-space require 
ments for one rating, which is a representative example, have 
dropped from 183 square feet to 45. 

In the new design, each electrode is in its own round cells 
of asbestos-concrete pressure pipe. To provide rapid heat 


A modern slip regulator in the Texas plant, Sheffield Steel Co. 


removal the electrolyte is pumped through a separate, etfi- 
cient electrolyte-to-water heat exchanger. Nine tenths of the 
piping has been eliminated. 

Liquid slip regulators of this design have been applied to 
many wound-rotor applications, including the motor-genera- 
tor sets of large d-c mine hoists and steel-mill drives 

Liquid rheostats of similar construction are often employed 
on large wind-tunnel wound-rotor motors. ; 


Selenium Rectifier Power Supplies Above and Below 


Selenium rectifiers assumed two interesting new power-supply 

jobs last year, one below ground, one in the air. Although the 

basic power system of the new Martin Marlin bomber (P5M-1) is 

400-cycle alternating current, some direct current is required. 

This will be provided by a selenium-rectifier power unit. It de- 

velops 200 amperes at 28 volts continuously or a 100 percent over- 

load (400 amperes) for one half minute. The unit is provided with 

a voltage regulator that holds the voltage within + 3 percent 

at full load and to not below 24 volts at 400 amperes. It is fan 

cooled. As this unit is to be airborne, the emphasis in design was 
to attain lowest possible weight—approximately 70 pounds. 

The mine unit is tosupply power from a-c circuits for d-c pow- 

ered shuttle cars. The first units provide 50 kw, 250 volts from a 

220-volt a-c line without an intervening transformer. The unit is 

skid mounted. Plug- 

type receptacles are 

provided for the incom- 

ing a-c line and the 

outgoing d-c feeders. 

Each d-c feeder has a 

type AB circuit breaker 

with a current trip coil 

for ground protection. 
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In the back row above are conventional mercury thyra- 
trons; in front are corresponding, much smaller, recent- 
ly developed xenon-filled thyratrons, which, further- 
more, are free of ambient-temperature restrictions. The 
ratings of the three sizes shown are 1.6, 3.2, and 6.4 am- 
peres average current; peak-current ratings are 20, 40, 
and 80 amperes. Inverse-voltage rating of xenon tubes 
is 1500 volts; for mercury, 2500. Mercury tubes heat to 
operating temperature in five minutes; the two larger 
xenon tubes heat in one minute; the smallest, ten seconds. 


Two high-voltage, two-element, oil-immersed rectifier 
tubes (left) set new standards of compactness. One is 
a 40-kv peak inverse-voltage tube capable of 150 milli- 
amperes average and 900 milliamperes peak current. 
The second rectifier, of similar construction, provides 
125-kv (peak inverse) for heavy-dust precipitation 
equipment. It is rated at 300 ma average, and | ampere 
peak but is only 11'% inches long, and the tube portion 
only 4 inches in diameter. It is only about one tenth as 
large in volume as the air-cooled type rectifier. 


mills and mines 


More Horsepower for Old and New Steel Mills 
W" N THE attack came in Korea the steel industry was al- 


ready well along with an ambitious expansion schedule. 
With steel the basis of any defense program, those expansion 
plans were further amplified. As of the beginning of 1950 steel- 
100 million 
Indica- 


making capacity in the United States stood at 
tons. By the start of ’53 it will be about 118 million 
tive of the speed and scope of the program, Westinghouse in 
1950 undertook the construction of steel-mill apparatus total- 
ing 251 000 hp, which was just double the total horsepower 
ol any 

Looking at how that horsepower is to be spent, one finds it 


previous vear 


will be well divided between improvements and enlargements 
\ brief 


mention of some will show the variety and the advances in 


of old mills and the construction of brand-new ones 


metal-working engineering 
Tandem Cold-Reduction Mill- 

installed in 1947 a four-stand cold-reduction mill for rolling 

rhis mill had earned the reputation as a particularly 


An Eastern steel company 


sheet 
good performer. Mills, like people, have personalities and this 
one was termed by its operators as a “sweet one.’’ Engineers 
are always loath to change such a mill because its desirable 
? 


characteristics might be altered. However, it became neces- 
sary to add a fifth stand so the mill would be more suitable 
for rolling tin plate. 

The four motors of the original mill were supplied from a 
common bus. Since then the practice of providing an indi- 
vidual generator for each motor has come into favor as it gives 
greater operating flexibility and easier protection against 
system faults. This common bus could have been extended to 
include the 3500-hp motor for the new stand. However, the 
application engineers believed some of the advantages of the 
multiple-generator system could be secured for the mill by 
providing a separate generator for the motor, although it 
meant operating four stands with 10 500 hp on a common bus, 
and a separately supplied 3500-hp fifth stand as a team. Ex- 
haustive analysis indicated it could be done and experience 
with the installation now running six months has proved this 
correct. The performance of the mill has not been impaired; 
in fact, the operators avow its improvement. The mill from a 
control standpoint operates as a two-stand mill, with four 
motors and their m-g set acting as one unit and the new gen- 
erator and motor as the other. Mill output speed when rolling 
tin plate has been increased from 3000 to 3900 feet per minute. 

Another significant cold-mill modernization has been ef- 
fected by the Weirton Steel Company. The speed of a 36-inch- 
wide tin-plate mill was raised from 1500 fpm to 3125 fpm by in- 
creasing the horsepower of the drive from 3900 to 10 500. 
The generator that previously supplied the motors for all 
four stands becomes the individual generator for only the 
fourth stand. New individual generators have been supplied 
for the others. The original geared motors have been re- 
placed by larger, direct-drive motors. To avoid loss of pro- 
duction, the new motors and other equipment were set in 
place with the mill running. The final changeover was made 
with the mill shut down only three days. 

High-Lift Blooming Mill—The trend is to produce more 
steel from a given equipment. Scheduled for operation this 
spring is a high-lift blooming mill driven by a 10 000-hp twin 
motor with laminated frames to give faster reversal. Only 
1!4 seconds will be required for the 10 000-hp motor to go 
from 40 rpm in one direction to like speed in the other. 
Laminated frames have been used before on generators but 
not on motors. Fast-response regulators, i.e., with little elec- 
trical inertia, provide almost instantaneous forcing for the 
reversing motor. The screwdown and other auxiliary motors 
have been built to give higher than normal speeds so as to 
reduce the time not spent in actual rolling. This blooming 
mill is in the South Side (Pittsburgh) plant of Jones & 
Laughlin Steel Corporation. 

One way that is being used in several plants to increase 
reversing-mill speeds is to apply Rototrol rotating regulators 
to give the system a higher speed of response. This makes 
possible more rapid reversals of the main motor. The 5000-hp 
reversing mill motor at the Fontana Works of the Kaiser 
Steel Corporation is one such example of a reversing mill 
speed-up effected last year. 

Slabbing Mills—Two new slabbing mills are being built 
that will employ more horsepower than ever before applied to 
such mills. One is for the new Fairless Plant (in Eastern 
Pennsylvania) of the U. S. Steel Company and the other at 
the plant of the Great Lakes Steel Corporation at Ecorse, 
Michigan. Both mills will utilize 12 000-hp double-d4rmature, 
twin motors (actually four motors on one pair of rolls) on the 
horizontal rolls and a 4000-hp double-armature motor on the 
vertical edging rolls. 

The flywheel motor-generator set supplying this slabbing 
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This 7000-hp twin-motor drives a reversing plate mill at Sheffield Steel Company. 


mill will be of giant proportions. A single 9000-hp motor will 
drive four 2500-kw generators (one for each of the four main- 
roll armatures) and two 1750-hp generators supplying the 
edger. This machine will be 83 feet long, will weigh 590 000 
pounds, and when running at 514 rpm will have a stored 
energy of 215 000 hp-sec. 

Hot-Strip Mill—The Fairless Plant will also have the most 
powerful hot-strip mill. This 80-inch finishing mill will have 
five 5000-hp motors and one of 4000, for a total 29 000 hp. 
Such enormous power will enable the mill to take heavier 
reductions and will insure that the motors are not the limita- 
tion to production. 

Of special interest is the fact that all this d-c power will be 
supplied by ignitron rectifiers. This battery of 24 000-kw in 
rectifiers makes it by far the largest ever employed in the 
steel industry and as large as in many electrolytic plants. 

Regulation of the output voltage of rectifiers in steel-mill 
service is important because of the wide range necessary to 
take care of jogging, threading, and various rolling speeds 
of the mill. A new static-type regulator has been developed 
and will be applied to this installation of 24 000 kva. The 
bus is split into three sections with two motors on each, 
partly to ease the interrupting duty on the circuit breakers. 

Reversing Hot-Strip Mills—One thinks of steel rolling as 
being accomplished in a succession of rolling mills of different 
types, each for a special purpose, and giving a limited reduc- 
tion in thickness. Steel rolling can also be accomplished, how- 
ever, by rolling an ingot to plate or strip in just two stands. 
Perhaps even one. 

In Northern Mexico is such a mill, at the Altos Hornos de 
Mexico, which has been quite successful. Until last year its 
single reversing stand was used to roll ingots a foot and a half 
thick down to one-eighth inch strip. A second or finishing 
stand with a 3000-hp motor has been added, the original 
stand remaining as the roughing stand. 

Tandem Cold Mill—Indicative of the higher horsepower 
going into steel production is a new 72-inch four-stand tan- 
dem cold mill being installed in a large steel plant in the 
Cleveland area. The four main roll motors total 16 000 hp, 
which is the most power, measured in horsepower per inch of 
width per 1000 feet per minute, of any such cold mill. 
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Remote Controlled Ingot Buggies 


F ONE were to visit a steel mill in Ashland, Kentucky he 
might witness a sight that suggests the day of the auto- 
matic factory is at hand. It demonstrates control ingenuity. 
He would see an ingot car on rails with no operator in 
sight. This car suddenly comes to life, moves 
along its track, and stops before one of many 
soaking pits. A waiting crane deposits a white- 
hot ingot on it. Without apparent further 


(continued on page 26) 


Control panel for automatic operation of cable- 
drawn ingot buggy. At right is a special rheostat 
mounted on the ingot buggy to indicate its position. 
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A—A new type of dual-field motor has been produced for trolley-coach use. It is a 140-hp motor, 
termed Super Series. For propulsion, it operates as a straight series motor to retain the advantages 
of superior commutation, freedom from flashing, power economy, and low maintenance. An in- 
finite number of accelerating rates, determined by the amount of power-pedal depression, permits 
the operator to start the coach at a rate selected to conform to traffic requirements. This provides 
the flexibility in operation required in city transit service. The motor also contains a shunt field 
used only in dynamic braking. B—A new finger-tip control simplifies manipulation of a log- 
carriage, driven by the motor in C. This is a 60-hp, 60-rpm motor. (Story on p. 26). 


transportation 


WESTINGHOUSE ENGINEER 











JANUARY, 1952 


D—The big new liner, the United States, is 
about ready for transatlantic service (p. 28). 
E—One of the Navy’s new minesweepers 
(p. 28). In F and G are views of the switch- 
board and the 16 000-shaft-hp geared-tur- 
bine propulsion machinery of one of the 
Atlantic Refining Company’s new high- 
speed 30 000-ton tankers (story on p. 28). 
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direction the ingot buggy proceeds along the track and un 
loads itself onto the tables before the mill stands. The buggy 


pon wait, as if for some further invisible order, or 


may return again at once to a different pit location. 


ay thereu 


The performance is not, of course, as mysterious as it 
} 

sounds. It is a manifestation of remote control 

lhe man who runs this show is the operator of the ingot 


crane. In fact, it is either of two crane operators. To load 


the buggy, one of the cranes takes a position over the pit with 
the waiting ingot. The crane operator then presses a button 
and the buggy comes to that position beneath him and stops 
When the buggy is loaded the operator presses another button 
and the buggy departs to the discharge position, whereupon 
it goes through a sequence of unloading operations, all auto 
matically and all sequence-interlocked for safety. The crane 
meanwhile takes up a new position and the empty buggy 
vill obediently follow it to that spot, or the operator may 
release the buggy to a waiting period, to be recalled when 
needed by either crane. 

Phis control makes use of two parallel and segmented trol 
Jeys. One is contacted by the crane in its travel, the other, 
with matching segments, provides the buggy control. The two 
trollevs form two sides of a bridge circuit. When the crane 
ind the buggy are in different locations an unbalanced current 
flows. This current causes the buggy to travel along its track 
until the unbalance disappears Io cause the loaded buggy to 
move to the discharge end, the control makes it appear to 


the buggy control that the crane has suddenly moved to that 


discharge location 

A somewhat similar scheme is also being applied to an ingot 
buggy pulled back and forth by a cable, instead of under 
its own power. With this system an operator at the unloading 
end controls all the movements of the buggy. He can cause it 
to move to any one of eight soaking-pit locations and to the 
delivery terminal. This action furthermore must be done at 
high speed only 58 seconds are allowed for a round trip, re 
quiring a top speed of 1200 fpm) and the car must be spotted 
within narrow limits. 

I} 
detect a broken cable and it is arranged for simple compensa 
tion of cable stretch during use—which may be two or three 
The ope rator does 


control has many additional novel features. It can 





times the allowed variation in spotting 
not need to see the buggy; its position is shown to him at all 


times on a dial. 


Ore Bridges Go to Adjustable Voltage 
N' W ORE bridges and unloading towers used to handle iron 


ore at points of trans-shipment or at steel-mill storage 
points are adopting adjustable voltage drives \-< power Is 
transmitted at high voltage (4160 volts) to the bridge, which 
carries its own conversion equipment. The system closely 
resembles that used to power electric shovels. One a-c motor 
is used to drive several adjustable-voltage d-c generators, one 
for each motion of the bridge and its bucket. This system 
combines the advantages of high-voltage power distribution 
with the unexcelled performance of adjustable voltage, and 
mill type d-c motors 

Ihe tirst ore bridge toemploy this system went into service 
last year at the Otis Works of the Jones & Laughlin Steel 
Corporation. This bridge has a 17-ton bucket that can unload 
ore boats to the storage pile or fill charging cars from storage. 
Other ore bridges are now being built to use this adjustable- 


voltage d-c system. 
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1 new Jones & Laughlin Steel Corporation tinning line produces 
tin plate at 2000 feet, one-tenth faster than any other. The line 
uses 1800 kw of radio-frequency energy, has 134 d-c drive motors. 


For Better Sawing 


te oF the most spectacular industrial operations is the 
sawing of huge logs into lumber. The log, if it be a 
douglas fir in the Pacific Northwest, may be up to 8 feet in 
diameter, 30 feet long, and weigh 20 tons. It is placed on a log 
carriage which shuttles back and forth before the continu- 
ously running bandsaw, under the sawyer’s control. The 
sawyer’s job is one requiring great skill, for it is one of judging 
each log and making rapid decisions as to what sizes and 
shapes of stock to make out of the log so the total value of the 
product will be the largest possible. He follows his decisions 
by signaling his carriage-borne assistant or assistants in a sign 
language peculiar to his trade and by appropriately manipu- 
lating the carriage-drive control. Anything that can be done 
to reduce the physical effort involved in these manipulations 
will quite naturally reduce the sawyer’s fatigue and enable 
him to do a better job, resulting in a more profitable use of 
his raw material 

I'wo amplifying devices were paired last year to do this. 
They are the Rototrol and magnetic amplifier. Together, 
they permit control of the powerful output of the adjustable 
voltage d-c log carriage drive from a small, very low effort, 
sawyer’s master switch. This combination gives the sawyer, 
almost literally, finger-tip control of carriage movements. 
Any speed from maximum to zero and to maximum in the 
reverse direction is obtained by movement of the master 
switch handle through a travel of only 11 inches and a force 
never exceeding the weight of a man’s hand. The switch itself 
incorporates a slight modification of the series of metal leaves 
with silver contacts, such as are used in the Silverstat 
regulator. Successive closures of contacts are made by apply- 
ing an increasing pressure to the outer leaf. The resulting 
small changes in current are built up by the combined amplifi- 
cation of the magnetic amplifier and Rototrol, and applied to 
the field of the drive generator where it acts to control drive 
speed. By means of feedback in the system, accelerating rates 
are automatically limited to safe values and running speeds 
are held constant. 


For A-C Equipment Underground 


is KEEPING With the trend to use more and more a-c driven 

machinery in mines, several items of power-supply equip- 
ment have been developed, particularly adapted to the re- 
quirements of mining service. 

A new switch house has been developed to provide short 
circuit and ground-fault protection and a means of isolating 
a section feeder from the main power cable. This incorporates 
a disconnect switch and oil circuit breaker in a low-height 
ventilated metal housing. Also it makes use of a new ring- 
type current transformer, which provides an improved meth- 
od of detecting ground faults so common in mining operation. 

To take advantage of alternating current it is desirable to 
run the high-voltage lines as close to the working areas as 
possible and effect the step-down to utilization voltage at 
that point. This reduces cable size, improves regulation, and 
cuts down losses. A new portable, low-height mine power 
center of the ventilated type employs the dry-type trans- 
former. Like the switch house, it is mounted on skids so it can 
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be readily moved as mining progresses. Connections are made 
by receptacle-type connectors. The unit is but 36 inches high 
and is built in four ratings from 112 to 300 kva, and for many 
voltage combinations. 
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New Types of Locomotives 


em THING NEW in electric locomotives-is now on rails. The 
first two ignitron-rectifier locomotives began their trial 
runs last fall. These are two-cab, 6000-hp freight locomotives 
to be operated by the Pennsylvania Railroad. 

Thus comes to fruition an idea first tried in 1913, but 
which, while sound in principle, had to de set aside until bet- 
ter rectifiers became available. The rapid development of the 
ignitron in the last dozen years has brought this about. 

The rectifier locomotive combines the advantages of a-c 
power transmission to the locomotive itself with the excellent 
performance and other merits of d-c traction equipment so 
well developed for diesel-electric service. The ignitron type of 
locomotive may make possible future rail electrifications at 
60 cycles instead of at the lower frequencies preferable when 
single-phase commutator motors are used. 

The ignitron locomotives are novel mechanically as well 
as electrically. One locomotive has a wheel arrangement 
where each unit is carried on three interchangeable four- 
wheel trucks designated 2(B-B-B). The second locomotive has 
a wheel arrangement that is made up of two conventional six- 
















wheel swing bolster trucks 2 (C-C). The two locomotives, 
otherwise identical, will give excellent comparison of the two 
truck arrangements. In general, the three-point support, with 
two-axle trucks, is expected to show benefits resulting from 
better accessibility of the motors, have better riding qualities, 
and be easier to remove and handle. To insure that each 
truck carries its share of the load regardless of track profile, 
very long, heavy load-bearing springs are used at each axle. 
Gas-Turbine Locomotive—The 4000-hp gas-turbine locomo- 
tive continued in experimental service during 1951. First ex- 
tensive tests were conducted at East Pittsburgh with the 
locomotive burning various grades of residual fuel oils. 
Secondly, the locomotive was placed in revenue service, both 
passenger and freight, on the Pittsburgh and Lake Erie Rail- 
roai. Following this testing, changes were made in the fuel 
systern and the control apparatus, and at the same time im- 
proved-type turbines were installed. It is planned to continue 
road operation during this year to obtain further experience. 
Coal-Burning Turbine Locomotive—The use of a steam tur- 
bine on a locomotive was given a thorough trial a few years 
ago (the S-2 of the Pennsylvania Railroad). The results 
clearly demonstrated the merit of the steam turbine in such 
service, but it became obvious that for maximum effectiveness 
a new type of boiler was necessary. Last year the Babcock 
and Wilcox Company completed tests on a grate-fired, high- 
temperature, high-pressure, water-tube boiler (locomotive 
boilers have been fire-tube). The results were found to justify 
the construction of a locomotive around it. The 4500-hp tur- 
bine and tke electrical drive for this locomotive are being built 
by Westinghouse for installation by Baldwin into a unit which 
will be a major departure in coal-burning locomotive practice. 
The locomotive is scheduled to be placed 
in service by the Norfolk and Western 
Railroad late this year. The locomotive is 
expected to set a new standard in effi- 
ciency for coal-burning motive power, 
approximately double that of present 
coal-burning reciprocating units. 





One of the two rectifier locomotives emerges 
from the Baldwin shop for its initial test run. 
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On and Under the Water 


FTER THE LULL in shipbuilding that followed World War 
f II the marine 


vessels of many types and with outstanding new features. 


record for 1951 is well marked with new 
Su perliner and Supercarrier—Most conspicuous in the com 
field United States 
launched last June This vessel is rated at 51 500 gross tons 


mercial is the new superliner the S. S 


and is 990 feet long, which makes it almost as long as the 
British Queens. It will be competitive with them for the fast 
Atlantic trade. Because the S. S. United States 


igned with features that will make her useful as a military 


trans is de- 
vessel in time of war, most of the details of her equipment and 
expected performance are withheld. However, her four West- 
inghouse propulsion turbine systems are expecte d to give this 
liner a speed in excess of 30 knots. 

Work has also begun on the four main propulsion turbines 
for the Navv’s new carrier, the (°. S. S. James V. Forrestal 
Ihis will be the largest arreraft carrier ever built. 

Tanker 
the water last vear 
deadweight tons for the Atlanti 
hetween the United States and the 


Something special in the way of tankers took to 


These were the three tankers of 30.000 
Refining Company built for 
Near East 
ive a speed of 18 knots, whi h compare swith 15 knots of the 


! igh speed tankers built in World War II 
by a single 16 500-hp nominal (18 000-hp maximum) steam 


ervice rhey 


Each is powered 


ntative of cen- 


turbine. The steam conditions are more represe 
tral-station practice than marine. Inlet st 


10 1) degree Ss | 


am temperature Is 
pressure is 600 psig. Only a few land turbines 
ire in service at that temperature 

Vessel In World War IT the 
Liberty ships, quickly designed and built to meet the 
did valiar 


Cargo slow, engine-drive 
emer- 
So did the faster and more modern 


But the 


yency, t service 
is for faster 
vessels, particularly should it again be necessary to cope with 

This has led the Federal Maritime Board to 
a program of construction of hig! d C-4 cargo 


ts in propulsion 


turbine-drive Victory ships need today 


submarines 


sponsor spec 


vessels, incorporating t! e postwar de velopmet 


ind aunxi inery. For tive of these vessels Westing- 


ouse is providing geared turbines rated at 22 000 hp maxi- 


iry mae 


give them a speed of 2? 
Five will] 


mum, which wi knots, compared to 
ibout 16 for the Victory's 
voltage winches for rapid handling of cargo (see page 20). 

Destrover 
rials and machinery is to build something well beyond con 
After the last war the U.S. Navy initiated 


a program to build a destroyer incorporating every advanced 


lave the new adjustable- 


] 


One way to determine the design limit of mate 


ventional practice 
idea in naval engineering, with particular emphasis on weight 


Ihe Navy did this knowing full well that some 
practical limits might be exceeded, but that the project would 


reduc tion 


delineate what can and cannot be done. That destroyer, the 


Timmerman D1D)-828, was launched last summer. The novel 
new technical features have, understandably, not been made 
public. Westinghouse provided one of the two geared-turbine 
propulsion units, the switchboard, auxiliary motors and con- 
trol, and turbine-generator set for auxiliary power supply 
All incorporate novel engineering features. Certainly the ex 
periment will contribute new marine-engineering knowledge. 
Submarines are increasingly important in the 
>. Navy has let it be known 


that at least three greatly improved classes of submarines are 


Submaris 


naval scheme of things. The U. 


being ce velop d 
grips the 
bare mention of made. An 
August that the contract 


A nuclear-powered submarine, particularly, 


imagination, but only it can be 
nouncement was made in id been 
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let for construction of this revolutionary type of submarine. 

Phe first of several new-type fleet submarines (Tang class) 
vas launched last June. These are highly streamlined, fast 
submarines. Westinghouse is providing electric propulsion 
equipment and auxiliary power systems of an advanced de- 


sign to several of these boats. 

\ third type is the anti-submarine submarine, come to be 
known as the “killer submarine” boats (SSK 1, 2, and 3). 
hese are small in size, being only 195 feet long as compared 
with the present 311-foot fleet-type craft. For them Westing- 
house has provided a completely new design of propulsion 
control that permits smooth, fast operation directly from the 
control room. It is no longer necessary to transmit the instruc- 
tions by telegraph to the operator in the motor room and then 

ive him manually operate the respective handwheels and 
levers as done in the past. Only three simple and small control 
switches are needed at the control station to permit complete 
control of the two screws, which includes starting and stop- 
ping the main motors, changing their speed by means of field 
control, and also connecting their armatures in series or 
parallel depending upon the desired operating conditions. 

In addition to greater mechanical simplicity, this control 
system permits smooth acceleration and crash stops without 
causing excessive current surges in the motor armatures. 
Also, it permits a reduction of the operating crew. 

VM inesweepers —An important feature of the U. S. Navy 
program is the production of a sizable fleet of greatly im- 
proved minesweepers, the first to be completed this year. New 
requirements of these minesweepers have necessitated the 
development of improved mine-sweeping generators and 
other electrical equipment. 








Developments in 
Aircraft Motors 
and Generators 


Aircraft alter- 
nator: 30 kva, 
380 /800 cycles. 


A SURVEY of developments in generators and motors for 
A aircraft bespeaks the growth in size, complexity, and 
increase in services of airplanes generally. 

Electric-Power Generation—The planes of World War II 
mostly used the famous P-1 generator, rated at 200 amperes, 
28.5 volts. Late in the war, need arose for 300-ampere units, 
but these are now being largely replaced by 400-ampere gen- 
erators. A demand for 500-ampere generators is rapidly 
developing and a few have been built. 

Higher speeds and wider speed ranges are other conspicu- 
ous d-c generator trends. The P-1 generator delivered its 
power between 2500 and 4500 rpm. Some 300- and 400-am- 
pere machines operate over a range from 3000 to 9000 rpm. 
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Speeds may go higher. In anticipation of this an experimental 

300-ampere d-c generator was built to explore the region of 
ultra-high speed. It was designed to deliver 300 amperes, 30 
volts over a speed of 9600 to 14 400 rpm. It has successfully 
passed an overspeed test of five minutes at 18 000 rpm. And, 
mind you, this machine has a commutator! While commuta- 
tion at this speed was “black,” the machine would not be con- 
sidered practical without special cooling provisions because of 
excessive brush temperatures. This machine, naturally, was 
small for its rating, weigh- 
ing in at only 4.7 pounds 
per kw. (A 3500/8000-rpm, 
300-ampere machine 
weighs 6.5 pounds per kw.) 

This experimental ma- 
chine possessed several 
novel features. The brush- 
holders were plated with a 
molecule-thick layer of 
rhodium to secure a corro- 
sion-resistant surface of 
great hardness. Rhodium, 
a precious metal, sells for 
$2600 a pound, but so little 
was used that the cost was 
inconsequential. Inciden- 
tally, the motor spindle, 
which was designed for a 
9-kw load, was but 5/16 
inch in diameter. 

A-C_ Generators—A\l- 
though the Navy has used 
small a-c generators for 
electronic power supplies 
for 20 years or so, the a-c 
system as we now know it 
has developed almhost en- 
tirely since World War II. 
The 40-kva alternator, 
four of which are now used 
on each B-36, was developed during the late war and 
early postwar years. During the same period an 8-kva 
single-phase alternator was developed for radar, radio, and 
electric window heating. Now single-phase ratings of 8 and 15 
kva, and three-phase ratings of 11, 15, 30, 40, and 60 kva are 
available. Planes are already. in the planning phase that will 
call for 90- and 120-kva generators, and in the dream stage are 
planes that will have units of perhaps 500 kva. While generous 
amounts of alternating current are being used for radar, other 
electronic equipment, and some power purposes, the greatest 
potential consumer of kw is for wing and control-surfaces de- 
icing. Particularly is this true for jet-propelled planes. These 
change altitude so quickly that icing is a major consideration. 
Also, the wings of the smaller high-speed planes are so long 
and so thin that there is not duct space for hot-gas de-icing; 
the Btu’s must be carried to the plane surfaces by wires. 

The struggle between the d-c and a-c systems, anticipated 
by some, has not developed. They are living happily together 
—side by side in the same airplane. Some big planes have sev- 
eral electrical systems: a d-c, 28-volt system, and a-c systems 
of constant and variable frequencies. The 120-volt, d-c system 
has not yet been used extensively and interest at present 
appears slight. 

More Stable Alternators—Aircraft alternators with integral 
d-c exciters have been cured of one ailment that has always 
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One plug-in panel 
contains the control 
and protective equip- 
ment for a d-c gener- 
ator. Above, four are 
set up for simulated 
four-engine test. At 
left is a 400-cycle, 60- 
kva a-c generator. 


plagued them. This is the 
matter of reversed polarity 
following a short circuit, out- 
of-phase synchronization, or 
even when the machine is first 
energized. While the sequence 
of events in the control cir 
cuit is too involved for dis 
cussion here, the net effect 
when it occurs—which is not 
infrequently —is that the exciter polarity reverses, causing the 
anti-hunt circuits to accentuate hunting so that violent 
instability results. 

A surprisingly simple solution to this headache has been 
found. It has long been recognized that a series field will pre 
vent reversal but will cause the regulator to lose control. The 
series can be used, however, when a differential shunt wind 
ing, termed a balancer, is added to the exciter field. This nor 
mally cancels the series effect, permitting regulator control, 
but during a transient condition the exciter cumulative series 
field is effective to prevent reversal. 

Alternators as Jel-Engine Starters—One aircraft alternator 
last year found itself doing double duty. This was an 
8-pole, 30-kva alternator whose normal job is to supply 
power to electronic equipment. Its additional job is to enable 
the plane to get off the ground, i.e., to start the first of two 
jet engines. 

It is not unheard of for an alternator to act as a synchro 
nous motor. The problem here was to enable the machine to 
develop the large amount of torque necessary to accelerate 
the heavy turbine rotor to the firing speed. The machine as a 
motor must drive the turbine through the hydraulic pump 
that normally drives it as a generator. Theoretically and on 
test the alternator simply couldn’t produce enough torque to 
do the job in the 30 seconds required. However, by reconnect- 
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ing the stator windings from star to delta (i.e., by heavily 
overexciting them) and applying constant excitation, the 30- 
kva alternator is enabled to produce 60 hp for the two min- 
utes required to accelerate the turbine. And this is without 
the air-blast cooling available to the alternator when in flight 
Ihe alternator is started as an induction machine, reaching 
6000 rpm in about three fourths of a second, after which 
excitation is applied to bring it to synchronism. It is then 
engaged to the turbine rotor through the variable-ratio hy 
draulic drive. The system operates constant torque at the 
start of the cycle, shifting to constant horsepower as soon as 
the motor rating is reached. 

lircraft Motors—Just as aircraft generators are getting 
bigger, so also are motors to use that power. A larger size 
standard d-c motor has been added to the family, which con- 
sisted of machines 25;, 314, and 4 inches in diameter. The new 
one is 5!4 inches and develops 414 hp at 8000 rpm. It meets 
the Air Force requirements as explosion-proof, with a weight 
ratio of but 6! pounds per hp. This larger machine has many 


applications, such as driving the big hydraulic pumps required 





on the very large planes. 

Larger special-purpose d-c motors are not uncommon. One 
of the largest is used to run a refrigeration compressor on a 
large commercial plane. This delivers 9!4 hp at 3600 rpm, is 
explosion-proof, and is 8 inches in diameter 

An unusual, large a-c motor is of interest. It has two stator 
windings to give two speeds, 11 400 and 7500 rpm, and thus 
two ratings, 12 hp and 6 hp. On each shaft end is an axial-flow 
blower, that pumps air at 250 degrees F, used in connection 
with the pressurization and heating system of an extremely 
large, high-altitude plane. The motor itself is vented to atmos- 
phere, which may be hot sea-level air or below-zero, rarified 
air As there must be no gas communication between the 
motor and the fans, seals become a problem. The end bells 
must be able to withstand a total pressure of 600 pounds. 

An improved d-c motor starter for jet engines has been 
deve loped It is a constant-current, variable-voltage motor. 
This enables it to deliver constant torque instead of constant 
horsepower, with a smoother start with less stress on the tur 
bine rotating element. With a constant current of 1000 am 
peres the motor delivers 60 pound feet torque during the 





starting period. The starter will accelerate the turbine to 3000 
rpm at 29 volts. It incorporates a friction clutch to absorb 
transient overloads. The motor weighs but 42 pounds, be- 
lieved to be the least of any starter motor of this rating. 


Progress in Aircraft Electrical-System Control 


HE MANY components for the control of a d-c aircraft 

generator, that previously had been scattered about the 
plane in whatever space was available, have been brought to- 
gether on a single panel. Such a panel, furthermore, has been 
adopted as standard by the military forces for all planes em- 
ploying d-c electrical systems. The dimensions are standard- 
ized and the connections are all made through a multi-terminal 
plug connector. Hence a control panel can be unplugged and 
replaced by a new one, even of different manufacture, in a 
matter of minutes. 

On the panel is mounted the carbon-pile voltage regulator, 
ballast lamps, and, under a single cover, a half dozen relays 
such as those for control of the field, reverse current, over- 
voltage, and ground-fault protection. The panel is 6 by 57% 
by 15 inches and weighs less than 12 pounds. 

rhe standard panel gives each component the benefit of a 
single, sturdy, shock-proof mounting, with a large net saving 
in weight. Wiring in the plane is greatly reduced in amount 
and also in complexity, and, again, weight is saved. A unit 
can be tested, inspected, or repaired at a workbench instead 
of the cramped quarters of a plane. Numerous other benefits 
to apparatus builders, plane manufacturer, and to the men 
who fly and service the plane are realized. 

Plans are under way to extend the benefits of standardiza- 
tion to panels for a-c generators. Two standards will be re- 
quired, for constant-frequency and for variable-frequency 
aircraft alternators. 

Electrically heated windows in the pilot’s cockpit (i.e., 
frost free) are now common. In fact, the arrival of jet plahes, 
with their exceedingly rapid change in altitude and their 
operation at greatly increased altitudes, makes window heat- 
ing all the more necessary. Controls for these windows have 
recently improved by changes in construction that make 














Banks of 

Elevators 

Plan for 
Themselves 


MARKED trend in the field of vertical 
A transportation 1s to elevators that 
“think” for themselves. Particularly in 
office buildings occupied by a single ten 
ant banks of elevators are being operated 
automatically, without attendants and 
sometimes even without starters. The 
control system “decides” how many cars 
in the bank are needed to handle the load, 
and dispatches them automatically to 
answer the calls in proper floor sequence 
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Also, if two or more cars are running, it 
coordinates their operation for efficient 
handling of the traffic. The controls take 
into account the frequency of calls, 
whether the predominant traftic flow is 
up or down, and also if the car is loaded. 

One problem is peculiar to centralized 
elevator control. In most automatic con- 
trols for other purposes, if something 
happens to the main control, the entire 





group of machines controlled by it shuts 
down for safety reasons. With a bank of 
elevators this must not happen. The 
problems of a bank of four automatic 
elevators becomes quite complex and 
be worked out for each particular 





pplication. However, operatorless ele 
vators are expected to appear in increas 
ing number 
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One of many dynamometers used for testing Ford automobiles. 


them more immune to moisture and to salt atmospheres. 
Critical circuits and elements are hermetically sealed in cans. 
A new circuit avoids chattering of the power relay. 

Many jet planes are started by motors that get their power 
from a mobile engine-driven generator. A new control with 
carbon-pile regulator for this ground power-supply unit en- 
ables it to produce the special voltage-current relationship 
needed for jet-engine starting. To minimize stress on the tur- 
bine rotor and improve efficiency over the starting cycle, the 
motor should be fed constant current (instead of constant 
voltage) for most of the starting period. The new control re- 
places a regulating circuit employing large shunts. These took 
up a great deal of space and consumed an excessively large 
proportion of the energy provided by the engine-driven gen- 
erator set. 


New Dynamometers Lead to Better 
Automobiles 


EVELOPMENTS in automobiles are calling for a great deal 

more dynamometer testing, both in the engine produc- 
tion line as well as the development laboratory. Engine speeds 
and horsepowers are going up, power-consuming auxiliaries 
and devices are steadily increasing in numbers and size, and 
automatic transmissions are already quite common. All these 
call for more exact, more elaborate knowledge of relationships 
of energy output or requirements at different speeds 

Indicative of this trend is the unusual complement of dyna 
mometers supplied last year to the development laboratory of 
the Ford Motor Company. These include eleven 200-hp sin 
gle units to test new engines, one 250-hp unit for testing trans 
missions, and one for testing farm tractors. Another equip 
ment will consist of three dynamometers for testing differen 
tials. One unit is used to provide measured power simulating 
the engine and the other two are power absorbers, repre 
sentative of the wheels. A still more complex dynamometer 
system will be a pair arranged to test an entire chassis. They 
can be used separately —one to test the chassis of cars and the 
other for small trucks—or they can be used in combination 
for testing large trucks. The controls can introduce various 
factors that reproduce all manner of operating conditions, in- 
cluding pulling up hill, coasting, various loads, different 
amounts of mechanical function, and even an effect propor- 
tional to the square of speed to simulate windage. 
All dynamometers are entirely electronically controlled, 

which eliminates many rotating auxiliaries. 


Helping Meet the Demand for Fuel 


HE FASTEST growing transportation system lies under- 
feat Pipelines are increasing fabulously both in length 
and in size. In the five years, 1946-1950, about 46 000 miles of 
trunk petroleum and gas line have been laid in the United 
States alone, and 12 000 more are in the construction or plan 
ning stage. As of 1950 the world had about 450 000 miles of 
pipeline (gathering and trunk), equal to 20 times around the 








Testing LL APPARATUS for aircraft use approved by the 
Aviation A armed services must pass what are termed quali- 
A fication tests. Torture tests would be a better term. 
pparatus A piece of equipment to qualify must sutvive tests 
Ability for exposure to high and low temperature, vibration 


to Survive 





and shock, salt spray, sand and dust, high altitude, 
fungi, and must not be guilty of radio interference. 
A manufacturer submits a sample of his product to 
an Armed Service laboratory where it is tested. 
Westinghouse aviation-apparatus designers take a 
short cut. They make these tests themselves in their 
own laboratory. Thus they can make the tests at 
their own convenience, get complete and detailed 
test results instead of general ones, and can correct 
weaknesses in basic elements before the entire device 
is built. The time of development of a piece of ap- 
paratus is thus greatly shortened. These tests are 
observed by an Air Force or Navy representative 
and accepted sooner than possible in their laboratories. 
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Supervisory control and 
telemetering are being 
applied for the oper- 
ation of pumping stations. 
This installation is at the 
Pentland Pumping Sta- 
tion of the General Pe- 
troleum Corporation. Six 
pumps driven by 75-hp, 
explosion-proof motors, 
on two 8-inch main crude- 
oil pipelines are con- 
trolled from the Conti- 
nental dispatcher’s office 
11 miles away. Oil flow is 
continually telemetered. 





Control board in Trans- 
Arabian Pipeline station. 




















earth. Pipe diameters are increasing. The famous Big Inch 
(24-inch) line of World War II fame is no longer the big line. 
One half of a 550-mile crude-oil line to be built to tap the 
West Texas field by the West Texas Gulf Pipe Line Company 
will be 26 inches in diameter. Still larger is the Trans-Arabian 
line built of 30- and 31-inch pipe (nesting one inside the other 
to save shipping space). An even larger pipe is the 34-inch 
natural-gas line in California. 

The Gulf Pipeline—The various pipelines abound with in- 
teresting new technical features. The Gulf pipeline, for exam- 
ple, will feature the largest concentration of remote tank-farm 
pump and manifold valve controls thus far centralized on a 
control console. On one console will be the control of more 
than 100 valves and 11 booster pumps. Initially this line will 
have three pumping stations with 24000 hp in main-line 
motor-driven pumps, giving a daily capacity of 300 000 bbl. 
Booster stations to be added later will raise this to 440 000. 

The Plantation Pipeline—One of the most famous pipelines, 
the 1261-mile products line of the Plantation Pipe Line Com- 
pany built from Louisiana to North Carolina in 1941, has 
been ‘‘double-tracked.” The original line was 12 and 10 inches 
in diameter. On the same right of way with it has been laid an 
18- and 14-inch line. The same pumping stations, greatly 
expanded, are used. 

The new Plantation line uses a novel way of measuring 
pressures. At the various pump locations pressures are meas- 
ured by Baldwin strain gauges. The indications are amplified 
and transmitted as electrical signals to the control room. 
Previously this has been done by carrying the refined petro- 
leum in small pipes to the console. While the constructions 
with this direct method of measurement have been designed 
with large safety factors, the presence of flammable products 
lines in the control room does introduce a hazard. Also the 
small-size pressure pipes sometimes corrode to the point of 
plugging up. The strain-gauge method is no cheaper, but does 
establish station conditions that are highly attractive to 





pipeline operators 

Trans-Arabian Pipeline—Electrifying pumping stations in 
the Arabian desert involves more than it does elsewhere. 
Electrification of the Trans-Arabian stations actually is only 


WESTINGHOUSE ENGINEER 











one part of the job. The six stations motivating this system 
average about 165 miles apart across a flat, treeless, arid re- 
gion without intervening habitations, merging at the western 
end into a mountainous, sparsely settled terrain. Each station 
must be made a self-sufficient community. Thus the stations, 
in addition to housing the pumps, become the heart of a small 
town and provide the services for it. This includes power 
plants for all electric power and for lighting, air conditioning, 
pumping of the precious water supply, and even for the 
theater and other services necessary to make life agreeable 
in such isolated areas. 

The pumps themselves are engine driven. However, new 
controls have been built so that pumping operations are han- 
dled from a modern, centralized control console in essentially 
the same way as at the motor-driven stations recently con- 
structed in this country. 

Supervisory Control and Microwave—The men whose busi- 
ness it is to transport gas and oil in pipelines have taken a leaf 
from the book of those who transport kilowatts. This is the 
operation of remote apparatus using supervisory-control 
equipment. On the Pan American Pipeline in Texas one op- 
erator will control entirely a booster pumping station and a 
main-line valve 40 and 80 miles, respectively, from the con- 
trol station. The supervisory-control system is basically the 
same as used by electric-power companies for years but the 
equipment has been modified to be in keeping with pipeline 
practice. Signals will be interchanged between the control and 
the controlled stations over a microwave system previously 
installed for communication purposes. The attendant at the 
master station will be able to operate all suction and discharge 
valves at the distant stations, can start and stop each of two 
pump motors, and can perform other necessary functions. 
The control also gives him, automatically, several indications 
of the state of affairs at the two unattended points, even in- 
cluding the presence of hazardous gas in the station buildings, 
and any abnormal pressures or bearing temperatures. Various 
pressures and motor currents are telemetered to him continu- 
ously. The supervisory-control apparatus even checks itself 
and the circuit and, if it should become inoperative for any 
reason, it “‘says’’ so. To perform any of the desired operations 
by the supervisory apparatus, the operator presses buttons 
exactly as if the equipment were in the next room. All selec- 
tion and checking of communication circuits is done for the 
operator automatically. 
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Incandescent Lamp Development 


N° REPORTER likes to repeat his own words. Yet each Jan- 
uary for the last several years we have commented on 
the extension of the principle of the built-in reflector to new 
forms of incandescent lamps. But an honest reporter must tell 
what he finds. Again we see the reflector lamp going in new 
directions. It has set new limits for size. 

For factory use there has been developed an 800-watt, 
internal-reflector lamp with a 1500-hour life. This makes pos- 
sible a high-wattage lamp for use in high-bay areas without 
supplemental reflector to purchase. With it fewer units are 
needed, which reduces the wiring and the total initial in- 
vestment. Also the reduction in number of units lowers the 
relamping and fixture-cleaning cost. 
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For use where vibration and shock are encountered, a 100 
watt rough-service lamp in a reflector-type bulb has been 
developed. Being smaller, its filament is stronger. Special sup 
ports are given the filament so that it won’t short circuit or 
rupture during more than ordinary vibration. Similarly for 
use as an extension lamp in wire cages, as in garages and 
service work, a 100-watt rough-service lamp has been de 
signed in a smaller bulb than available previously in this 
wattage and service. 

The trend to reduction in bulb size for a given wattage con- 
tinues. This last year the coiled-coil type of filament was ex- 
tended to the 150-watt lamp and thereby permitted this 
wattage to be available in a smaller bulb, the same size as 
formerly used for the 100-watt lamp. This results in the 
use of less materials per lumen—at a time when material 
economy is particularly important. 





Lighting of large factory 
areas is improved by new 
lamps: a 750-watt reflector 
type (above) and (below) a 
fluorescent-mercury lamp. 













Ihe military services are tending to adopt 28 volts d-c as 
standard for vehicles tanks, jeeps, trucks, and the like 
instead of the customary six volts. While a fourfold increase 
in voltae has obvious advantages from the standpoint of the 
generators, motors, and wiring, it gives lamp designers real 
problems It means that filaments for a given wattage are 
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that much more fragile—and the produ laments 


with high efficiency that will take the vehicle 


Nevertheless, a 


ges and sockets 


ervice has always been a problem anvwi 
new family of 2&-volt lamps ol different 
that survive the shock treatments to meet military standards 


is been prod iced 


Fluorescent-Lamp Developments 


EF UORESCENT-LAMP ce signers are makit v good I eadway on 


some ot thi proble ms of spec ial applications ne ol these 
arises in the cars of New York City’s subways. The power 
supply is d-c, which is bad enough. But, in addition, every 
few minutes the power to the lamps is interrupted, creating a 
frequent-start situation. Also the fluorescent lamps must start 
in cold weather. 

rhese rather difficult requirements have been met by a new 
subway-car fluorescent lamp having electrodes with special 
emitter material, and lower gas pressure. While the lamp is 
not interchangeable with standard fluorescent lamps used in 


When the OV-20 luminaire, with its graceful lines, was intro- 
duced in 1947, it was hailed as a masterpiece of lighting-fixture 
design and was lauded for establishing new high standards of ef- 
ficiency. Already the efficiency has been bettered by 15 percent 
and the construction further simplified. The gain in light output 
results from a new one-piece reflector design. The reflector shape 
is such that all offsets that can act as light traps are avoided. It 
prevents light emitted from the mercury lamp from being reflected 
through the arc tube. By mounting the reflector in a one-piece 
cast-aluminum housing, the separate support bracket, together 
with the gasketing that was formerly required between the brack- 
et and the housing, is eliminated. The mechanism for clamping 
the bowl-shaped reflector to the cast housing has been simplified 
by elimination of a gasket and by substitution of a single clamping 
screw for two holding springs. This simplifies maintenance. 


normal service, it is superior to those previously used in sub- 
way cars as regards ease of starting, life, and output at low 
ambient temperatures. 

Gas Mixtures for Fluorescent Lamps—In 1950 a 90-watt 
fluorescent lamp using 50-50 mixtures of krypton and argon 
appeared. This lamp has very nearly the same light output of 
the earlier 100-watt all argon lamp. As a result it has almost 
replaced both the 85- and 100-watt sizes. Since then a 25-watt 
lamp with 75 percent krypton and 25 percent neon gas mix- 
ture has been introduced. The lamp has several desirable fea- 
tures. Compared to its 100-percent krypton predecessor it 
starts quicker and more positively, gives a greater lumen out- 
put at lower temperatures, and warms up to full illumination 
output more quickly. 

his matter of different gas mixtures for fluorescent lamps 
is interesting. The use of mixtures of gases in different com- 
binations offers more possibilities than was originally realized. 
rhe curious fact is that although the performance in a fluores- 
cent lamp of each of several gases—neon, krypton, argon, 
xenon—by itself is known it cannot yet be predicted what a 
mixture of two of them will do—much less a mixture of three. 
In some cases the performance of a mixture is superior to that 
of either used alone. For some reason the ultraviolet response 
of two or more gases in combination is not simply a composite 
of the gases separately. As a result fluorescent lamp research 
men and designers are exploring the behavior of mixtures of 

gases in different combinations 
and different ratios—which 
clearly are almost numberless. 
De Luxe White Lamps—After 
a slow start the so-called de luxe 
phosphors are winning accept- 
ance. These phosphors, while 
not as efficient as those in other 
varieties of white lamps, have a 


The beam intensity of the carbon- 
arc searchlight (left) has been dou- 
bled. Use of fluorescent-mercury 
lamp (below) multiplies signal- 
light beam intensity by 24 times. 





High levels of illumination are provided in the Aluminum Company of America Cleveland plant by high-output fluorescent lamps. 


particularly pleasing soft, natural color. One factor leading to 
the rising popularity of the de luxe white is that recent phos- 
phor developments have improved its efficiency by 15 percent. 


The Rapid Rise of Mercury 


HE MOST conspicuous trend in the field of light sources is 
the rapid growth in use of mercury-vapor lamps. Last year 
while all illuminants—incandescent, fluorescent, and vapor— 
were growing by about 15 percent, mercury more than doubled. 
Mercury is rapidly taking to itself the field of large-area 
lighting, such as factories, streets, industrial yards, and other 
outdoor areas. The main attraction has been the high effi- 
ciency of mercury lamps (45 to 55 lumens per watt compared 
to incandescent’s 15 to 20), the long life (4000 to 6000 hours 
instead of 1000), and the great advancements made in mer- 
cury lamps themselves in the last few years. All this built up 
a demand, impeded by only one final hurdle—the blue-green 
color of mercury alone. With the introduction, a little over a 
year ago, of the fluorescent-mercury lamps, with essentially 
the same efficiency, the obstacle of color has been removed. 
As a result, new applications for mercury lamps have ap- 
peared with the rush of a flood. Although until late in the year 
only the 400-watt fluorescent-mercury lamp was available, to 
this has been added a 1000-watt size. 

The 1000-watt fluorescent-mercury lamp delivers approxi- 
mately 50 000 lumens of light. With this high light output, 
relatively few units are needed even for large areas. This cuts 
down wiring, fixture, and servicing expense. Because of the 
good light quality it is not necessary to use incandescent 
lamps with it, which complicate the maintenance program 
because of their much shorter life. Both sizes of fluorescent- 
mercury units have screw bases and are used in round, spun 
reflectors, which are smaller and less expensive than the 
rectangular, fabricated fixtures used for fluorescent lamps. To 
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convert an existing indoor installation of 400-watt (AH-1) 
clear mercury units to the 400-watt fluorescent-mercury, it is 
necessary only to change bulbs. Ballasts remain the same. 


New, More Powerful Searchlights 


fh pen 24-INCH carbon-arc searchlight, as is standard equip- 
ment on some of the Navy’s vessels, has been considered a 
well-developed, tried-and-tested device for many years. How- 
ever, nine years ago development began on an improved 
model that came into fruit in a handsome way last year. It is 
so superior to previous models that comparison is startling. 
As an indication, the beam candlepower is 50 million as com- 
pared with 26 million (2 times), while the current input has 
been increased only from 70 to 105 amperes (about 1.5 times). 

Part of the gain in output comes from improved carbons 
developed by the National Carbon Company. Also an ar¢ 
structure, in which the carbons burn at almost a 90-degree 
angle instead of the long traditional 16 or 23 degrees, enables 
it to keep out of its own light, so to speak; the area of the 
mirror obscured by the arc mechanism has been cut from over 
20 percent to less than 5 percent. 

An entirely new control maintains a much more stable arc 
over a wide range of current. As the designer put it: 

“A carbon arc is a headstrong, temperamental critter. In- 
stead of trying to force it we devised a control that follows its 
action so fast that stability is guaranteed.” 

Previous arc controls have been based on current or volt- 
age. The new one takes both into account. It responds to arc 
drop variations of +0.1 volt or a current charge as small as 
+0.1 ampere. (Previous arc controls gave ear to either a 
voltage change of +5 volts or acurrent change of +2 amperes 
—not both.) The new arc searchlight reaches a stable condi- 
tion in two seconds; its predecessors required two minutes 

Signaling Searchlight—The new short-arc, 1000-watt mer- 
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cury arc, which is a light source slightly larger than a golf 
ball, is being made the basis of a new experimental Navy sig- 
naling searchlight. Intended to replace the 1000-watt incan- 
descent lamp previously used, it lifts the beam candlepower 
from less than 250 000 to 6 000 000. Also it gives a sharper, 
narrower beam. New high-voltage pulse circuits have been 
developed that permit instant starting and restarting of the 
mercury lamp 

Phis development, which applied first to military signaling 
searchlights, may well be applied later to high-powered lights 
for other classes of marine use. It is quite possible that on 
some types of vessels this searchlight may replace the larger 
24-inch lamp, which weighs about six times more. 


New Industrial Lighting Tools 


t ve CONTINUING trend toward higher illumination levels 
and better quality lighting in industrial areas has been 
yiven another “lift” by Lighting Division engineers through 
development of luminaires using newly developed lamps. In 
both the fluorescent slimline and mercury-vapor lamp fields, 
such new equipment is now available. 

High Output Slimline Industrial Luminaires—Three new 
industrial luminaires utilize new, higher output, slimline 
lamps of 4-, 6-, and 8-foot lengths, operating each lamp at 600 
milliamperes instead of 425 to produce approximately 20 per- 
cent more light per fixture. This can mean higher illumination 
levels without increase in the number of fixtures, or conversely 
fewer fixtures for equal illumination levels, and points the 
way to material and cost savings. Reductions result in wiring, 
weight, initial investment and maintenance. 

High-Bay Fluorescent Mercury-Vapor Lighting —Extending 
the efficiency advantages and high light output of mercury 
vapor sources to high-bay areas where color correction is also 
required, four new luminaires have been made available for 
the J-H1, 400-watt fluorescent mercury-vapor lamp. Provid 
ing narrow or wide distribution of light, both open aluminum 
and heavy-duty steel-enclosed units are in production. This 
equipment is particularly suitable for areas adjacent to low- 
bay fluorescent-lighted areas where a conspicuous color differ- 
ence might be objectionable or where personnel relations 
dictate use of a light more flattering in color than that of 
ordinary mercury-vapor equipment. 


Airway Beacons Do Tricks with Light 


B )TH COMMERCIAL and military airports use airway beacons 
—those big rotating lights that sweep the horizon six 
times per minute with sharp pencils of white and colored 
light. But a flier must be able to distinguish one type of field 
from the other. The military beacon must appear to give out 
two closely spaced pulses of white light. Both types of beacons 
must be able, in addition, to produce a colored beam exactly 
180 degrees from the white. 

This has called for a new design of rotating beacon for mili- 
tary service. It consists of two 24-inch, single-end beacons 
mounted back to back on the rotating structure of a 36-inch 
unit. One beacon is arranged to give out a colored light beam 
only, or none at all, as desired. The other is identical except 
for its outer lens. While it too has but a single, standard lamp 
it appears to give out two light beams separated by 10 de- 
grees. This effect is achieved with a set of precisely made 
vertical corrugations on the lens, which have the effect of 
resolving the single light beam into two narrowly separated 
cones, and hence made to appear as two beams. 


For Better Lighting-Performance Prediction 


HE METHOD of calculating the coefficient of utilization of 

lighting units (i.e., the ratio of lumens that arrive at the 
working level to those provided by the lamp) was developed 
about 35 years ago. Since then many changes in the design of 
lighting equipment have been made. For example, with some 
present-day fixtures the light output is directed more sharply 
downward. As a result lighting engineers have been finding 
that actual results do not always agree too well with the antic- 
ipated performance determined by the time-honored methods 
of illumination calculation. 

To correct this, a new method of calculating the coefficient 
of utilization has been devised. This method requires some- 
what more initial calculation as it is based on integrating the 
light output from narrow cones (10 degrees) instead of in 90- 
degree bands as done by the old method. However, the co- 
efficient once determined for a given fixture is permanent and 
is used in conventional estimating formulas without regard to 
its more precise determination. While not yet officially ac- 
cepted, the method is meeting with great favor. 





A New 
Lighting Unit 
for Airport 
Approach 
Systems 


A great simplification has been achieved in the lighting fixture 
used with the accepted systems for marking the approach to an 
airport runway. When it is realized that to mark the approach 
end of a single runway requires up to 650 lights, any simplifica- 
tion and reduction in weight per unit multiplies to great impor- 
tance. The new unit consists of a deep-drawn aluminum shell with 
a holder for a standard 250- or 400-watt (PAR) reflector-type air- 
port lamp. Yet each fixture uses a color screen rated at only 100 
watts (i.e., it can stand the heat of a 100-watt lamp when enclosed 
with it). This use of a low-cost screen was made possible by the 
direct expedient of extending it by clips about an inch from the 
edge of the housing —allowing air to circulate on the lamp side as 
well as the outside. A lamp can be changed in a matter of seconds, 
without tools. The whole thing weighs but 2% pounds so that the 
supporting framework can be very light, even of wood if desired. 
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all CONGIIONIN 
Larger, Fewer Cylinders for Large 
Air Conditioners 


NGINEERING practice in building the larger sizes of 

hermetically sealed air-conditioning compressors has 
been to increase the speed or number of cylinders or both. 
Piston size remained constant. Thus 25-, 40-, 60-, 75-, and 
100-hp units all used the 3-inch pistons. A 50-hp unit has 
been developed that makes use of a new larger piston (454- 
inch diameter) in a four-cylinder vee-arrangement with 4!0- 
inch stroke at a speed of 1170 rpm. It results in a much 
smaller compressor, 42 inches overall length instead of 76 
inches for the previous 40- and 60-hp machines. Because of 
the vee arrangement the crankshaft is shorter and simpler, 
making unnecessary the center bearings used on long, in-line 
compressors. The four, equally spaced gas impulses result 
in a quieter machine. The hermetically sealed construction 
is continued. It is not necessary to 
employ reduced voltage for start- 
ing. Provision is made for incre- 
mental starting as the cylinders 
are unloaded by holding the suc- 
tion valves open. 


Heat Pumps in Trial 
Service 


i pm MUCH-ANTICIPATED heat 
pump is not arriving at express- 
train speed. All the same, real 
progress is being made in that di- 
rection. In the winter of 1950-51, 
a three-hp, air-to-air heat pump 
was thoroughly tested, primarily 
for mechanical performance. With 
that experience in hand three new 
units, two 5’s and a 3, incorpor- 
ating several improvements were 
built. This present winter these 
are in actual service in homes in 
Florida, Texas, and Virginia to accumulate heating and cool- 
ing performance data under various conditions of weather. 

Tests on the earlier unit showed the frosting problem 
to be not as serious as was feared. Thus it is not necessary 
to apply heat at low temperatures to prevent frosting. Also 
it is found that the practical limiting temperature of opera- 
tion is not around freezing. The unit can be operated con- 
tinuously down through zero—but with declining heat de- 
livery, of course. If heat delivery reaches a predetermined 
minimum, electric-resistance heaters provide additional heat 
to maintain comfort. 

In these heat pumps a single thermostat determines 
whether the heat pump is used to cool the room air, warm it, 
or whether supplemental heat from the resistance elements is 
needed. The pump operation is changed from heating to cool- 
ing by a simple four-way automatic valve. Because this 
valve employs slots in a piston it offers almost no restriction 
to gas flow compared with valves employing stems and seats 
to uncover ports. 
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Above: One of the new heat pumps 
now in trial service. Left and below: 
The geometry of air-conditioning 
duct work in some buildings and fac- 
tories is such that the standard hori- 
zontal Precipitron electrostatic air : 
cleaners simply won’t fit. To accom- 
modate these situations, a family of 
vertical-flow Precipitrons has been 
engineered. They provide capacities 
of 1200 to 4000 cfm, in six steps, using 
combinations of standard cells. These 
vertical units are also being used for 
oil-mist collection in screw-machine 
and similar plants employing a cen- 
tralized cutting-oi] pumping system. 
































































Bigger Self-Contained 
Air Conditioners 


One trend in air conditioning, 
particularly in retail establish- 
ments, theaters, and the like, 
is to place the units in the 
working spaces instead of in 
centralized apparatus rooms. 
This calls for units of good ap- 
pearance, also for larger sizes 
than previously available. The 
new unit (SU-81 Unitaire) is 
of 8-ton capacity, 60 percent 
larger than the previous top 
size of this family. The addi- 
tion of a heater coil after the 
cooling coil in the air stream 
of this unit gives better humid- 
ity control than before. The 
new unit has been engineered 
to reduce both size and weight. 
It weighs 1400 pounds, com- 
pared to the 2000 pounds of 
the apparatus-room equipment. 


militar 
Designs for Remaining Alive! 


yy OF THE most difficult feats for a submarine is to lie 
motionless while submerged. It has been necessary to 
continue some forward motion in order to maintain trim or 
stability. But there are times when, to avoid detection and 
depth-charging by the enemy, a submarine commander de- 
sires to lie perfectly motionless, and hence, quiet 

The Navy has given the problem to the same group that 
developed and built all its electric torpedoes in World War 
II, the Ordnance Engineering Department of the Westing- 
house Transformer Division, and to the Westinghouse Re- 
search Laboratories. The task is to devise a means of sens- 
ing depth and, by means of pumps, maintain the vessel at 
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Airfoil Blades for 
Large-Capacity Fans 


Tests on a scale model of a new Silentvane fan 
to provide a heavy forced draft of air for a 
powerhouse furnace gives striking demonstra- 
tion of the efficacy of airfoil blading. The 
blades of these large volume, low-pressure fans 
have been simply flat, rectangular metal plates 
welded to the rotating wheel. The airfoil 
shaped blades cut the loss about in half. In 
addition they result in much quieter operation. 
Shaped blades, clearly, are much more costly. 
However, the rising cost of energy makes this 
construction worthwhile in some applications, 
particularly where fans are run continuously 
and well loaded. Two fans of this type will 
be used in tandem, with two driving motors in 
the new Astoria Station of the Consolidated 
Edison Company. Each has vane control and 
one or both fans can be operated as desired. 
This gives high efficiency at partial loads. 


the desired depth without instability. 


Aviation Gas Turbines 
Celebrate Tenth Birthday 


' A MATTER of hours after the 
Japanese threw down the glove at 
Pearl Harbor, a new industry was 
born. Monday morning, December 8, 
1941, the U.S. Navy gave Westing- 
house the signal to create a gas turbine 
to propel airplanes. This was to be 
the first American-designed jet-pro- 
pulsion power plant. Development, 
purposely, was not to be based on 
European experience in order to ob- 
tain, if possible, the advantages of 
entirely new thinking. 

In the ten years since, a large in- 
dustry requiring hundreds of engi- 
neers and employing thousands of 
people, and based on enormous invest- 
ment, has been established. The en- 
gines and their aircraft too have come 
a long way. While up-to-date specific information is under 
wraps, some of the general outlines can be sketched in. 

lhe first plane to be powered by American-designed jet 
engines was the McDonnell “Phantom.” It first flew in 
January, 1945, with two Westinghouse X19B engines. The 
X19B delivered 1365 pounds thrust. The Westinghouse en- 
gine now coming off the production line in large but undis- 
closed numbers (the J34) develops more than 3000 pounds 
thrust. The J34 has powered nine different types of aircraft 
produced by five manufacturers. 

Coming along close behind this high-production model is 
a still larger engine, the J40, which passed its acceptance 
tests for production in January 1951. At year’s end this engine 
still had the distinction of being the most powerful jet en- 
gine approved by the services for production manufacture. 
During the qualification test, most of the engine parts were 
subjected to over 400 hours testing, far more than the official 
test requires. Oil consumption was but one fifteenth of that 
allowable by the Services. 
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The engine contains many new technical features that in- 
crease its attractiveness as a power plant for high-speed jet 
aircraft. It has less frontal area per unit of thrust than 
any other unit ever produced by Westinghouse. Largely con- 
tributing to this is the fact that the air intake has been 
divided into two oval-shaped openings and the auxiliaries, 
which were previously mounted on top (and hence added 
greatly to the frontal area), are nestled between the two in- 
take ovals. This has another advantage. Power for the 
auxiliaries is taken off in a straight line from the main shaft 
instead of having to be led around two 90-degree corners. 
Thus only spur gearing is required. All bevel gears, which are 
more difficult to manufacture, are eliminated, bearings sim- 
plified, and weight saved. The oil system, even to the reser- 
voir, is completely self-contained. By driving the compressor 
through a large diameter, thin-walled torque tube instead of 
a solid shaft, the bearing between compressor and turbine 
has been eliminated. 

The turbine disks, carrying the blading, are of Discaloy, a 
high-temperature alloy recently developed by Westinghouse 
research and materials engineers for this specific purpose. 


In this torpedo motor, both the rotor and stator rotate. 
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Jet propulsion, which has 
just celebrated its tenth 
birthday in America, is 
now on a large-scale, 
production-line basis. 
Right, a complicated jig 
to aid in spot welding 
heat-insulator brackets to 
an engine body section. 



















Last January J34 jet engines began rolling off the pro- 
duction line of the huge new plant at Kansas City and,produc- 
tion there has since built up to a high level. At present, 
this is the largest plant devoted to jet-engine manufacture 
in the world. And this manufacturing area is to be greatly 
increased in the near future. To support jet-engine manu- 
facture at the Kansas City high-production plant, a new 
factory is being erected near Columbus, Ohio, to serve as a 
source of jet-engine parts. 

The jet-engine business, which started from scratch just 
ten years ago, has become one of the nation’s major industries. 


New Weapons Engender Useful Ideas 


— THE weapons that brought the war with Japan 
to a conclusion, the electric torpedo was second in 
effectiveness only to the atom bomb. It left no trail to warn 
of its coming. Not only was it the means of sinking scores of 
Japanese naval and supply vessels but also because it struck 
without warning it had a great demoralizing effect on enemy 
ship’s personnel. 

Interestingly the designs for this radically new missile 
were created and all of those supplied to the Navy during 
World War II were produced in a plant entirely foreign to 
such devices—the Transformer Division of Westinghouse. 
These torpedoes were of two types, Mark 18 and, later, an 
improved variety, the Mark 28. 

When it became evident that permanent world peace 
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Above, a radio- 
directed lifeboat after 
release fromthe plane. 
The view below was 
taken during a test of 
the automatic controls. 


was not assured, the U. S. Navy requested that the experience 
gathered in designing and building several thousand of these 
torpedoes be applied to create improved versions. 

The new weapon is vastly superior to its predecessors. 
Although much smaller, it has greater speed, longer range, 
can operate at greater depths, and possesses new features of 
tactical importance. 

Specific details of design and performance, naturally, are 
withheld. However, the engineers in striving to meet the 
advanced requirements of the Navy have made several de- 
velopments that eventually will be generally useful. One is a 
motor that has, in effect, two rotors and no stator. Both 
the armature and the normally stationary field structure re- 
volve, in opposite directions. They drive counter-rotating 
propellers through two shafts, one within the other. Gears 
are thus eliminated with saving in weight, bulk, and noise. 
Also because the motor rating is a function of the difference 
in speed of the two halves, not on the absolute speed of the 
armature, the motor is physically small and light for the 
horsepower delivered. 

Another result of the continual effort to reduce weight 
and increase strength, is the first welded-aluminum-alloy 
shell to be used in a torpedo. It effects a significant saving 
in weight over previous cast-aluminum and welded-steel 
torpedo shells. This advance called for new design and pro- 
duction techniques. 

As with racing cars, many things are being learned that 
will be useful in peaceful pursuits. 


Boats by Air for Men Downed at Sea 


M ANY LIVES have been lost in disasters at sea, even after 
the victims had been discovered from the air, because 
surface craft could not be directed to the scene in time. In 
the future such losses will be greatly reduced. A lifeboat can 
be dropped from a B-29, eased to the water by a parachute 
100 feet in diameter, and guided by radio from the mother 
plane to the struggling and perhaps injured survivors. 

This remarkable lifeboat is a 30-foot craft. It is made 
of aluminum and weighs, fully equipped, 3500 pounds. It has 
a capacity of 15 persons and is provisioned for 8 days at 
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The Douglas Skyknight (F3D) is a big 
step forward in the development of jet 
planes designed for night fighting. 
It is provided with Westinghouse en- 
gines, radar, and fire control. The 
two J34 jet engines give a combined 
thrust in excess of 6000 pounds. The 
plane was, in effect, designed around 
the radar equipments, one of which 
has a range substantially greater 
than ever before applied to fighter 
planes. This enables the pilot to 
hunt and fight on his own without the 
usual assistance from ground radar 
crews. One radar is used in connec- 
tion with the fire control. The Sky- 
knight can fly to and from carriers. 








sea. The gasoline engine has fuel for a range of 800 miles. 

The lifeboat has many automatic and radio-directed con- 
trols to effect rescue of survivors who have strength enough 
only to climb aboard. When the boat strikes the water the 
parachute is cut loose and the stubby wings that stabilize the 
boat during the drop are unlocked and fall away, all in re- 
sponse to radio signals. Likewise, a propeller guard is caused 
to drop off. Covers on the engine air intake and exhaust are 
removed. The engine is cranked and the lifeboat guided by 
radio signals from the plane to the survivors, who may be 
scattered over a wide area and who may have insufficient 
strength even to start or guide the craft. Rescue effected, the 
lifeboat can be set on a course to nearest land or vessel. 

This outstanding sea-rescue development is the product 
of the U. S. Air Force. The controls on the boat that operate 
automatically or from radio signals are designed by engineers 
of the Ordnance Department of the Transformer Division. 


alectronics 


A Static Source of Audio Frequency Power 


iy yOU HAVE need for an adjustable source of power up 
to 5 kw and at any frequency up to about 10 000 cycles, 
you can have it, electronically. A new power amplifier for 
any of the audio frequencies below 10 000 cycles takes a sig- 
nal of about 0.01 watt from any conventional source and 
builds it up to 5 kw. A 10-kw audio amplifier could also 
be built if desired. The power supply uses air-cooled appara- 
tus (a WL 5736 power tube) and a Rectox rectifier for the 
high-voltage element. Such power supplies are useful in 
laboratories and in many industrial processes. 


A new device, by the formidable name of rho-theta transponder, 
makes it possible for the control officer at a busy airport to 
identify positively the airplane he sees as small dots on his 
radar screen. Instead of depending on radar ‘‘echo”’ from the 
plane in question, the transponder causes the plane to send 
out a strong identifying signal of its own. 
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More Range for Radio Beacons 


HE DEVELOPMENT of a master-oscillator, power-amplifier 

transmitter (happily shortened to Mopat) is extending the 
reach of airway radio beacons. With airplane speeds rising, 
the 200-mile range of the previous 6-kw transmitter is not 
enough. A pilot runs out of range of a beacon too' quickly. 
With 16 kw delivered by Mopat the beacon can be picked up 
by the pilot for bearings 408 miles away. Mopat is a crystal- 
controlled pulse transmitter operating at 1000 megacycles. 
It makes use of the recently developed high-power klystron 
tubes, which are an outgrowth of radar work. 


In Making X-ray Image Amplifier, 
Dustfree Means NO Dust 


BSOLUTE perfection is impossible to attain on this earth 
But, in building the fluoroscopic image-amplifier tube, 
engineers are working with great diligence to that end—of 
necessity. This tube, which amplifies the x-ray image by 100 
to 150 times, demands the ultimate in precision processing 
and manufacture. In this tube the x-rays fall upon a circular 
fluorescent screen, which lights up faintly with an x-ray image 
from the patient. This image is translated by a photo-sensitive 
surface into a pattern of electrons that is amplified elec- 
tronically and directed, much intensified, to a small fluores- 
cent screen, viewed by the doctor through a five-power opti- 
cal lens system. 

Many of the difficulties arise because any defect present 
is magnified manyfold along with the image. The input fluo- 
rescent screen must be of extremely uniform curvature, as 
any deviation disturbs the electron paths and defocuses the 
image. The photo-sensitive surface, 54 inches in diameter, is 
possibly the largest ever made commercially. The photo layer 
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must be uniform and with the minimum of dust particles, 
which would be amplified and show up as spurious, misleading 
shadows on the final screen, which for the same reason must 
also approach perfection 

Making these screens dust free is a major feat. The room 
air is, of course, circulated (at low velocity) through a Pre 
cipitron air cleaner. Only one person is allowed in the room 
He wears nylon garments and does his work with his hands 


under a transparent hood. If he feels a sneeze coming on, he 


leaves the room; a linen handkerchief makes too much dust 
These are representative of the problems that arise in 
manufacture of one of the most difficult of electronic devices 


the fluoroscope image amplifier 


Hunting Betas and Gammas 


SPECIAL age requires special instruments. Already sev- 
A eral types of radiation-detection devices have appeared 
as a result of both the peaceful and military aspects of nuclear 
energy. Two portable types, each completely self contained 
and weighing about 11 pounds, are being developed for the 
Army and the Navy. One employs the ionization principle, 
distinguished from the familiar Geiger counter. This type of 


is 


radiac gives a true measure of Roentgen energy from 0.08 to 
2.0 million electron volts over the entire spectrum—which 









The image-amplifier tube held by the 
young lady is a masterpiece of elec- 
tronics. Below, a doctor sees for him- 
self the improvement in fluoroscope 
brightness provided by the amplifier. 
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the Geiger type cannot do. The new instrument has the extraor- 
dinary range of six decades, from 0.005 Roentgen per hour 
to 500 Roentgens per hour, which latter extreme intensity 
might follow an atom-bomb disaster. The readings are pro- 
vided as indications on a special change-scale instrument, not 
as clicks heard in earphones. Although the range is extremely 
broad, the accuracy is as good at the low settings as at the 
higher ones. The electrometer principle employed has a longer 
time constant than others, which means the indications are 
not quite as rapid. 

rhe other portable radiac employs a newer principle— 
developed by Westinghouse Research Laboratories—that of 
photo-electric detection and multiplication of the light given 
off by phosphors struck by nuclear radiation. It is a little 
faster in response than the ionization-chamber type, easier 
to use, and its warm-up time is less but is not as sensitive. 
It is direct reading too, but only for the four higher ranges— 
from 0.5 to 500 R per hour. Both this and the previous type 
have waterproof batteries. 

In great contrast to these one-man, portable radiacs is 
a system of radiation detection for an area in which eight 
detectors, for example, transmit signals to a central point 
where they are separately indicated, totalized, and a running 
record of the radiation intensities made on tape. 

Another type of radiac still undergoing development is a 
compact unit for installation in military planes. It will 
give the pilot a visual indication of danger 
should his airplane enter a region of haz- 
ardous radiation. 





Developments in High- 
Frequency Heating 


MM“ OF THE progress registered in in- 
duction and dielectric heating is in 
adapting the process to the treating of par- 
ticular products. Mostly the problems cen- 
ter around the creation of suitable elec- 
trodes or work coils and work-handling 
equipment. Illustrative of such a dielectric- 
heating application is the Electrogluer de- 
vised by Westinghouse electronics engineers 
and the Earle-Hart Company, builders of 
wood-gluing machinery. This machine is versatile in that it 
can do three kinds of wood-gluing operations normally re- 
quiring separate machines. It can glue the edges of boards 
together, it can apply veneer to core stock, and it can apply 
edge-decoration trim to panels. Thus the machine, with only 
minor changes in settings, can operate either on the principle 
of edge gluing or on that of the so-called stray-field heating. A 
single operator can run the machine, loading one side of a 
platform while the other side carries a part being glued. 
Rotating the table swings the finished piece out and the next 
one to be glued in. Essential to the success of the Electrogluer 
is a new radio-frequency generator that can produce either 
of two frequencies—6.8 or 13.6 megacycles, by a simple 
change of a few connections. 

Work handling is the stand-out feature of the induction- 
heating field, which makes such applications ideal from a pro- 
duction standpoint. A representative equipment is one for 
hardening a tiny and difficult-to-heat part of a rocker arm 
for a new automobile engine. The part to be heated is the 
spherical-shaped area no larger than 44, inch in diameter lo- 
cated inside a recess in one end of the rocker arm where it is 
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An automatic control of x- 
ray tube output (called the 
X-actron) has been devel- 
oped for low-cost x-ray units. 
This control, which holds 
the beam constant under all 
conditions, brings to the av- 
erage doctor’s office many 
of the precision and auto- 
matic features commonly 
found on the larger units. 


repeatedly struck by the push rod. It is necessary to confine 
the heat to this area, otherwise the bore of the rocker arm 
will also be hardened and make subsequent honing difficult. 

The machine created to solve this problem consists of a 
traveling metal belt holding pins that support the rocker arms 
in a precise manner. The operator needs only to load the 
machine. The parts are carried automatically through the 
heating zone. 

Radio frequencies are taking over soldering operations. 
One equipment has been devised to permit the induction sol- 
dering of the many fittings on gasoline tanks for trucks. An 
operator successively moves a tank from one station to 
another, where each of the several fittings are soldered auto- 
matically. All stations are interlocked so that each takes its 
proper turn without attention by the operator. Also, this 
system provides nearly 100-percent duty cycle on the 10-kw 
r-f generator. 

In most industrial processes the operator is given instru- 
ments that indicate the performance of the equipment in- 
volved. This has not previously been practicable in dielectric 
heating processes. Setting to a proper condition, as the nature 
of the work changed, involved trial and error and human judg- 
ment which was wasteful of both time and material. This 
situation has been corrected by the development of an in- 
strument that measures the radio-frequency voltage applied 
to the dielectric heating load. This gives a true indication of 
rate of heating-process performance. This radio-frequency 
voltmeter is the first to be made generally available that is 
entirely self-contained and requires no external power or 
batteries for operation. 
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At left, the fittings for gasoline tanks are be- 
ing automatically soldered in a multi-station 
induction-heating setup. The operator has only 
to move each tank from one station to the next. 
Below, an engineer demonstrates use of one of 
two new types of portable radiation detectors. 
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For the Home 

lectric Range—The usability of the heating element in 

the deep-well cooker of the electric range has been 
greatly increased by raising its wattage. Prior to this year, 
the deep-well cooker has always used a low-wattage unit— 
of 600 to 1000 watts. This low unit rating has limited deep- 
well cooking operations to such things as soups and stews. 
The new unit introduced this year jumps the wattage to 
2100—which means the deep-well cooker can be used for a 
wide variety of cooking operations, including french frying, 
now so popular. In addition, the heater unit of the deep-well 
cooker can be raised to the platform of the range where it 
can be used as a fourth surface-cooking unit. The flexibility 
of the unit as a deep-well cooker or as a surface unit meets 
the need of housewives wanting two high-wattage surface 
units. A lift-out handle that is part of the deep-well cooker 
permits easy and safe changing of the unit position for cook- 
ing or for cleaning. 

A new oven seal that permits a maximum tight seal of the 
oven door has been developed. Generally a tight spring action 
has been used to bring the porcelain enameled oven door toa 
close fit with the oven liner. While this fit has proved satis- 
factory, engineers sought a closer fit. The answer came in 
the form of a fiber-glass tube given resilience with an im- 
pregnant. The close-fitting resilient-tubing seal reduces the 
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heat loss and gives much more uniform oven temperature 

rhe range oven has been bettered in another way. The 
bottom heating element has been recessed into a depression in 
the bottom of the oven instead of being fastened to the under- 
side of a slightly raised platform, the general practice. The 
recessed element permits the covering of the bottom element 
with a porcelain-enameled tray that can be removed for clean- 
ing of spilled food 

Water Heater—Heretofore a wide variety of heater ele- 
ments has been necessary to cover the five sizes of water 
heaters and the wattage standards of different communities. 
rhis has resulted in troublesome heater stocking problems 
and higher overall costs. In a new element four terminals are 
brought out. These can be connected, with jumpers, to give 
seven different wattages. Thus by a simple change of connec- 
tions at the time of installation, the desired wattage for 
that locality can be obtained, instead of having to remove 
one element and add another. 

Electric Tron—Ironing of clothes being the chore that 
t is, anything that can be done to make it simpler is most 
welcome to the lady. The latest efforts of the engineers in 
this direction have been to improve the handle, and the con- 
trol of the heat setting. The new handle is open at the front. 
rhe support is at the rear or heel of the iron. This adds to 
the maneuverability of the iron and permits the iron to run 
into deep pockets and into cuffs. The heat control dial is 
much larger and has an indexing arrangement with a spring 
that gives a slight click when the adjustment is changed. Thus 
the control cannot be moved by accident without the user 
being aware of it 

Electric Sheets—The increasingly popular electric sheet is 
now available in three colors and with dual controls. 


Right: Damp base- 
ments will be a 
thing of the past 
with a dehumidi- 
fier. Moisture is 
drawn from the air 
by a compressor 
and evaporator 
unit and collected 
in a pail for peri- 
odic removal, or 
piped to a drain. 





Versatility of the deep-well range unit has 
been greatly augmented by raising the watt- 
age, which increases its usefulness for well 
cooking and gives the range another high- 
wattage surface unit. The new electric iron, 
with the handle open at the front, can do 
a better job on deep pockets and sleeves. 
The food mixer has several new features, 
including a new-type graduated pitcher 
bowl that greatly simplifies orange juicing. 
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Electroluminescence Research Continues 


nea Seema as a light source captures the imagi- 
nation. Because of the potentialities of this strange 
phenomenon, it has continued to be an active subject of re 
search. In structure it is a simple thing. It consists of a thin 
layer of any one of many phosphors affixed to plates of glass 
or plastic. When a potential is applied the “sandwich” glows 
with a color characteristic of the phosphor used. 

The object of the continuing study is to provide a good 
explanation of the light-producing mechanism and to analyze 
the many variables affecting it, such as the types of phos- 
phors, manner of application, effect of frequency and of 
applied alternating voltage. 

Electroluminescence is now pretty well established as a 
contact phenomenon, the light being generated where the 
edges of the phosphor crystals join. 

Electroluminescence is as yet no more than a novelty, 
which indeed it has been since its discovery in Germany in 
1920. It may never be a practical light source. The efficiency 
at present is much too low. For example, a 25-watt fluorescent 
lamp would provide more illumination in a 15 by 15 foot 
room than a solid electroluminescent ceiling that would re- 
quire 30 times as much energy. 


Putting Black to Work 


HAT A DULL, black surface absorbs heat better than a 

light, shiny one is well known. A new way of creating such 
heat-absorbing surfaces puts this principle to work in dif- 
ferent ways, particularly where the finish must withstand 
high temperatures, sometimes in a vacuum. 

The finish is applied by electroplating, at high current 
density from an electrolyte containing in solution, a complex 
alloy of chromium and vanadium. 

rhe process has many possible uses. One has been to im- 
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prove the heat absorbing characteristic of the rotating inodes 
in x-ray tubes. Tests have proved that, applied to the sur 
face of thermostat, bimetal in electric toasters, this finish 
makes it collect heat better and permits closer uniformity of 
performance than plain, untreated bimetals. 


Looking into Molecules 


i ise MOST fundamental of all questions in the physical 
world is: What is the structure of matter? While amazing 
strides have been made toward understanding the arrange 
ment and behavior of atoms in molecules and towards a fullet 
explanation of what lies within the atom, by comparison with 
what remains unknown, only a beginning has been made 
Progress, however, is being registered. One of the new 
est and most valuable tools is an outgrowth of radar. It is 
called microwave spectroscopy. It is a means for investi 
gating one aspect of molecular structure—the rotation of a 
complex molecule—that hitherto has defied experimental 
study and which is virtually impossible to calculate. With the 
microwave spectrometer energy at precisely known fre 
quencies (to one part in a million) from a klystron is passed 
down a waveguide filled with the substance in question. The 
amounts of energy absorbed at different wavelengths are 
registered as sharp lines on oscilloscope screens. From these 


Scientists are getting closer to an understanding of molecular 
structure. Important help is coming from microwave techniques. 
Here is a setup to analyze the structure of methyl alcohol. 
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absorption spectra, a physicist can determine the nature of 
the spin of atoms in complex molecules 

The equipment and techniques are new. Only a beginning 
is being made with them. Last year the methyl! alcohol mole 
cule, which is the lightest and simplest molecule capable of 
internal rotation, was analyzed. The instrument is being 
“tuned up” for studies of other, more difficult ones. The re 
sults so far are simple lines on a spectrum chart. Abstruse, 
you say! So was Einstein’s pronouncement in 1903, that has 


since led to the release and control of nuclear energy 


Look! No Support for Melting Metals 


E HAVE never seen the Indian rope trick, but we have re 
W: ently witnessed something just as incredible—the melt- 
ing of aluminum placed between two slightly conical hors 
zontal cous of copper spaced a tew inches apart ind supplied 
with energy at 10 000 cycles. A switch was closed and the 


aluminum literally floated up into space midway between the 


coils. It began to spin furiously, bobbing slightly as though 
support don invisible soft springs Soon it glowed red, began 
to soften, and finally turned to a bright liquid. As it did so, 
it assumed the shape of a rapidly turning toy top rhe power 
shut off, the molten aluminum dropped to a crucible below, 
where it soliditied almost instantly 

This bit of levitation melting was the outcome of efforts 


of Research engineers to prepare more nearly pure metals 
When a high-temperature metal, such as zirconium, vanadi 
um, molybdenum, or titanium is melted in a crucible, there 
is inevitably some reaction with the refractory materials 


The small bit of metal above the cone-shaped coil is being induc- 
tively heated while suspended in space by a strong magnetic field. 
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But, obviously, if the metal can be melted without touching 
anything, except molecules of gas—as if done in a sufficiently 
good vacuum—greater purity is obtained. Thus a metal can 
be rid of volatile impurities without absorbing others in the 
process. Also, alloying agents can be added to the molten 
metal while still suspended. The induced currents auto- 
matically provide thorough stirring of the molten mass. 

So far this process has been applied successfully to labora- 
tory melts involving small samples, and to a very limited 
number of metals. Nevertheless, float melting has been em- 
ployed to advantage in research for metals in lamps, elec- 
tronic tubes, and other high-temperature applications, 
particularly where it is not necessary to carry the tempera- 
ture of the metal beyond its melting point. Investigations are 
being continued with the aim of surmounting such obstacles 
as the rather large power requirements and of providing a 
more complete understanding of the physical forces related 
to the general problem. 


Single-Track Light Sources 


Ww £ SOME lamp designers are busy creating light sources 
with more complete spectrums, a few others are doing 
exactly the opposite. They are trying to create lamps with 
all the visible light crowded into a single sharply defined line 
of the spectrum, i.e., monochromatic light. Most of these 
special line-output lamps are used in research laboratories as 
a light source for spectroscopy. 

Each element of nature when caused to give off light, by 
the passage of electricity through it in the vapor state, pro- 
duces visible or invisible radiation at a few specific frequencies 
or spectral lines. These are unique to that element just as 
fingerprints are to an individual. They are immutable and 
easily reproducible and hence extremely useful for reference, 
for measurement, for identification of unknown substances, or 
location of elements present in otherwise undetectable amounts. 

Many such lamps are being produced in small quantities. 
These include several metals, such as sodium, potassium, 
cesium, cadmium, zinc, and mercury, and some of the rare 
gases, as xenon, krypton, argon, and neon. Structurally they 
are quite similar. A small amount of the metal or rare gas, in 
extremely pure form, is contained in an arc tube with elec- 
trodes. This is surrounded by an outer glass housing, evacu- 
ated to conserve heat. 

One of the most interesting applications of one of these 
lamps is as a new standard of length. Since Michelson’s work 
in measuring the standard meter bar in Paris, the red line of 
cadmium (6438 Angstroms) has been the international stand- 
ard of length. While this gives accuracies of one part in 20 
million—which would seem to be good enough—lamp engi- 
neers have recently done better. A new lamp uses not just a 
single element, but one isotope of that element. It is mercury 
198, made from gold in the atomic pile at Oak Ridge. It makes 
possible an accuracy of one part in 100 million (equivalent to 
one foot in the circumference of the earth). The mercury 198 
lamp is better in other ways. Its dominant line is green (5461 
Angstroms), which coincides with the maximum sensitivity 
of the eye and operates at normal room temperature. 

Cesium lamps have enjoyed a dramatic task outside spec- 
trographic work. Cesium delivers almost all of its light in 
a few sharp lines in the infrared. Only a weak, peach-colored 
glow is visible from a cesium lamp. Such lamp outputs, modu- 
lated by voice signals, made communication possible during 
the last war without detection by the enemy. 
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Insulfoam, the 
world’s lightest 
solid, is used as 
a honeycomb 
filler for an 
aircraft usage. 


Cadmium lamps are being used in the manufacture of inter 
ference gratings, which consist of many thousand lines per 
inch drawn on glass—and drawn with the ultimate of pre- 
cision. Even the most perfect of screws are subject to errors 
of manufacture, from changing temperature, or lubrication. 
Now the spacing of the lines is accurately determined, instead 
of by the precision operation of a screw, by counting the 
interference fringes from a special cadmium lamp. 

Line-spectrum lamps are also being used in industry for 
analysis of substances that otherwise would have to be made 
chemically. For example, it is possible to determine with a 
sodium, mercury, or cadmium lamp the exact origin of the 
sugar in a solution, whether it be from cane, beet, honey, or 
some other source. 


materials 


Insulfoam Goes to Work 


ROM THE Research Laboratories, three years ago, came a 
een substance—the lightest solid in the world. It was a 
foamed-resin insulation, called Insulfoam, that in its light- 
est varieties weighed as little as one half pound per cubic 
foot, or about one tenth that of balsa wood, or only six times 
that of air. It is lighter than some gases. 
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The object its creators had in mind was a lightweight 
thermal insulation, such as might be used in appliances. These 
uses have not materialized, not yet anyway. But other possi 
bilities have appeared. 

For Sea—One is a buoying material for vessels. The in 
gredients for Insulfoam are liquids and can be inserted into 
the hull spaces to be filled. The material foams to ten or a 
dozen times, the original volume, completely filling the void 
The material thus formed provides a buoyant effect of over 
55 pounds per cubic foot. Even after immersion in water at 
high pressure it exceeds 40 pounds per cubic foot buoyancy, a 
value higher than that of materials presently used in this 
application. Also, a chamber can be filled with Insulfoam 
in a matter of minutes whereas balsa wood must be labori 
ously cut and fitted into position and the watertight chamber 
then welded together with the balsa wood inside. Insulfoam 
is fungus-proof and fireproof, while balsa wood is both ir 


flammable and subject to fungus attack 

For Air—Insulfoam is being used by the Douglas Aircraft 
Company, in an experimental way thus far, to provide a 
strong, lightweight, heat-insulating panel for aircraft and 
allied applications. The Insulfoam is ‘‘grown”’ in a honey 
comb structure of paper. This filled cell structure is then 
sliced to desired thickness and bonded to aluminum sheets 
The result is a panel of great strength, weighing about three 
or four pounds per cubic foot for this foam-honeycomb 
assembly. This process combines the thermal insulation valu 
of Insulfoam with a high ratio of strength to weight. 


Hiperco Improved 


F* QUENTLY some brand new material with extremely 
attractive properties must stand unused until it can be 
cured of some side weaknesses. It must be housebroken, so 
to speak. Hiperco has been one of these. Compounded of 
iron and cobalt, it has offered quite startling magnetic prop 
erties—properties that mean the lifting magnets and rotating 
machines using cores made of it are smaller. It provides much 
higher permeability at higher inductions than any other 
available material. It saturates at 24 300 gausses; ordinary 
hot-rolled electrical sheet, 21 000 gausses; pure iron, 21 600 

But in addition to being much more expensive (thanks to 
the high cobalt content and the very special production tech 
niques required) which still rules it out for all but special 
applications, Hiperco has been brittle. Sometimes it shatters. 

Materials engineers have been trying to tame its brittle 
ness, and, to a large degree, have succeeded. Hiperco, they 
find, becomes more amenable to the hammer if it is cooled 
rapidly but at a precisely controlled rate. 

The improved Hiperco has been applied to lifting magnets 
—giving about one third improvement. For example, magnets 
for retrieving broken drill bits from wells are now made of 
Hiperco. Also Hiperco has found some use as telephone- 
receiver diaphragms. 


Something New in 
High-Temperature Synthetics 


Pp” YTETRAFLUOROETHYLENE and polymonochlorotrifluoro 
ethylene are impossible words for the average electrical 
engineer. But they stand to become important to him 

The first is an electrical insulation, better known as Teflon, 
and is characterized by its ability to resist heat. It is stable 
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an unbelievable 475 degrees F (about 250 degrees ( 
A tex hnique has been worked out for applying it as an insula 
tion lor magnet wire The result 1s a wire wit! insulation 
thickness of ordinary enamel (about 1 to 2 mils) but with 
the temperature resistance of glass and silicone insulations 
that run to about 7 mils minimum thickness. The present 
high cost prohibits its use on all but defense items where 
space and heat resistance are of utmost value. At some future 
time the cost situation may change 
The second jaw breaker has the trade designations of Kel I 
x Fluorothene It too is a high temperature insulation 
While its top temperature limit is less than of Teflon (about 
170 degrees C instead of 250 degrees C) it is easier to apply 
Its possibilities as an insulation for special machines is being 
ooked into. Also the fact that it can be molded into complex 
shapes and ts essentially transparent to infrared rays, makes 
t useful for military applications as a possible substitute for 


EXpensive difficult-to-handle quartz 


A Solid, High-Temperature Lubricant 


M” YBDENUM disulfide is a superior lubricant for moving 
4 parts that operate too hot for ordinary oils and greases 
It can be used readily at temperatures up to 700 degrees F, 
ind in some cases even up to 2100 degrees F for short periods 
ind in inert atmospheres. But molybdenum disulfide (Molko 
ibe) has been available only in the form of a powder, in a 
vater suspension, or as an additive to greases. Now it can be 


id in solid 


or stick form. The molybdenum sulfide, with a 

yht amount ol phenolic binder, is molded into desired solid 
form by heat and pressure. Sticks or brushes of molded 
Molkolube can be held by spring pressure against the rotat- 


ng member so that some of it is wiped onto the hot surface 


Aircraft Pulleys That Won’t Burn 


P' LLEYS USED in aircraft—and there are many used in each 
plane—are small and inconspicuous but are as important 
as the famous horsehoe nail. Pulleys made of Micarta have 
long been used to support and guide the numerous steel 
cables by which the many mechanisms and controls are 
operated. Last year, in keeping with the continual efforts of 
aircraft engineers to reduce fire hazards, an improved Micarta 
pulley has been developed. These pulleys, of which there are 
seven sizes, are made of a new fireproof variety of cotton- 
reinforced, phenolic laminate. A pulley made from this 
green, non-afterglow material is almost instantaneously self- 
extinguishing. When removed from an igniting flame, hot 
embers disappear within a few seconds. 

In addition, the new pulleys are superior physically. In 
cooperation with the National Aircraft Standards Committee 
the ratio of pulley radius to diameter of cable has been im- 
proved, to reduce the bending strains as the cables pass 
around the pulleys. 
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Bonderizing, On the Job 


fem BONDERIZING process gives an excellent protective 
coating for steel to be covered with paint. But Bonderiz 
ing large metal panels, as used, for example, on metal-clad 
switch-gear, requires large tanks and other factory-type 
equipment —equipment hardly suitable for on-the-job work 
or for use in small assembly plants. 

\ new technique and some new materials have been per- 
fected, however, applicable under small-shop conditions that 
give nearly the same results as obtained in the factory. 

he steel surface is first cleaned by shot blasting and al- 
lowed to stand long enough for an imperceptible oxide film 
to form. Then with a spray gun a layer of phosphoric acid is 
applied, forming the desired iron-phosphate protecting layer. 
This much has been done before. The difficulty has been to 
avoid spraying on too much acid. Any surplus (not reacting 
with the steel) is damaging to the final finish. This difficulty 
has been corrected by using a first enamel coat that contains 
certain new pigments. These react with surplus phosphoric 
acid to form a product that is in itself protecting. This new 
reactive primer surface, called the Phostite primer, can be 
applied by any convenient method. It also contains rust- 
inhibiting pigments. The second and final enamel coat is 
applied in the usual manner. 


New Micarta pulleys 
for aircraft are com- 
pletely fireproof. 











— obsoleting the covcidae 


F A commutator fails in service 

it may well be because of what 
some insects in India had for break- 
fast two years ago. Shellac has been 
the convéntional way of bonding 
the mica for commutator vee rings 
since way back when. And shellac 
is the excretion of insects of the 
coccidae family that feed on Asi- 
atic acacia trees. The product is 
variable, according to kind of in- 
sect, the weather, amount of rain, 
even the altitude, and other factors 
beyond man’s control. In spite of 
best processing control, an element 
of variability in shellac-bonded in- 
sulation remains. Further, increas- 
ing duty of commutators, such as 
in transportation service, has made 
a better bond desirable. 

Thus, some time ago, a search 
for such a man-made material to 
replace shellac became a problem 
for the research engineers. They 
have provided a highly successful 
answer. The new synthetic bond, 
which is still known only by a mate- 
rials number, is of the vinyl type. 
Seldom does a synthetic resin con- 
tain more than two basic ingredi- 
ents. A few have three. This one, 
to make matters complicated for 
the research chemists, has four. 
Because of the almost infinite com- 
binations of proportions possible 
with four variables and because 
prediction by calculation is virtu- 
ally impossible, more than 200 
combinations were formulated and 
tested before the final choice. 

Vee rings bonded with the new 
resin are made in the same way and 
with the same equipment as before. 
However, the product is both more 
permanent and more uniform. The 
tendency for mica flakes to slip 
over each other under the operat- 
ing conditions of high pressure and 
high temperature is greatly less- 
ened. The result is a commutator 
dimensionally more stable. It re- 
tains the required surface smooth- 
ness for good brush tracking and 
commutation under all conditions 
of speed and temperature. 


The new synthetic bond ma- 
terial is another example of 
how chemists can outdo na- 
ture. Vee rings for transpor- 
tation-motor commutators, 
large and small, are superior 
to the shellac-bonded variety. 






















































































